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Abstract 
Three cores from the Kearl Lake Oil Sands area within the Athabasca deposit of northeastern 
Alberta have been analyzed to understand the thermal history of the McMurray and Clearwater 
formations of the Lower Cretaceous Mannville Group. The approach involves the integration of 
vitrinite reflectance (VR), Rock-Eval pyrolysis, fluorescence microscopy, and palynology. Mean 
VR varies between 0.21 and 0.43% Ro and indicates thermally immature levels equivalent to the 
rank of lignite to sub-bituminous coal. Although differing lithologies have influenced VR to 
some extent (i.e., coals and bitumen-rich zones), groundwater influence and oxidation seem not 
to have measurably altered YR. Rock-Eval analysis points to Type III/IV kerogen, and samples 
rich in amorphous organic matter (ADM) show little to no fluorescence characteristics, implying 
a terrestrial source of origin. Palynology reveals the presence of some delicate macerals but lack 
of fluorescence and abundant ADM suggests some degradation and partial oxidation of the 
samples. 
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Chapter 1 
Introduction 
Occurring within the Lower Cretaceous Mannville Group, and specifically the McMurray 
Formation deposited ca. 120 to 100 Ma (Selby and Creaser, 2005), the oil sands of 
Alberta contain an estimated 1.7 to 2.5 trillion barrels of oil (Kleindienst, 2006). This oil-
bearing deposit of quartz sand (950/0) and feldspar (5%) rests on Devonian limestones and 
carbonates, and is overlain by interbedded sands and shales of the Clearwater, Grand 
Rapids, and loli Fou formations which act as the cap rocks for the reservoir (National 
Energy Board, 2000; Leckie, D, pers. com., 2010). The McMurray Formation is about 
50-80 m thick (Kleindienst, 2006) and up to 40 or 50 m of the reservoir may be bitumen 
saturated (Leckie, D, pers. com., 2010). Given their extensive distribution in Alberta and 
in parts of Saskatchewan (e.g. Lloydminster and surrounding area), the oil sands have 
proved an important economic resource in the Western Canada Sedimentary Basin 
(herein WCSB). 
1.1 Location of Study Area 
Three m,ajor deposits comprise the oil sands of Alberta: the Athabasca, Cold Lake, and 
Peace River deposits (Figure 1). These deposits share a similar geography, geology, and 
bitumen content (National Energy Board, 2000). Approximately 15% of the oil sands are 
sufficiently shallow « 75m) to be exploited by surface mining (Nardin et at, 2007), the 
remaining 85% requiring in situ recovery, notably: cyclic steam simulation (CSS), a 
vapour extraction process (V APEX), Steam Assisted Gravity Drainage (SAGD), and 
Toe-to-Heel Air injection (THAI) (National Energy Board, 2000; Dusseuit, 2001). The 
Kearl Lake area is surface mined, and the present study is based on three wells drilled in 
this locale situated in the northeastern part of the Athabasca deposit and about 70 km 
north of Fort McMurray (Figure 2). 
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Figure I: Alberta Oil Sands region showing the location of the three major 
deposits. From: http: //www.uts.ca/ourcompany/oilsands.php 
Each well name includes a unique location: Texex Steepbank, 1 0-18-094-07W 4, Chevron 
Steepbank, 10-20-094-07W4, and Suncor Firebag, 10-25-094-07W4 (Figure 2). Well 
location references are based on the Dominion Land Survey (DLS) system used in 
western Canada (e.g. Wynne et aI. , 1994). 
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Figure 2: Position of wells used in this study. Geographic coordinates: N 57.18° and 
W 111.05°. Map Scale 1:55813 Map courtesy of Stan Stancliffe, Imperial Oil (January, 
2009). 
1.2 Geological background 
In the WCSB, the province of Alberta comprises a broad belt of Mesozoic and Palaeozoic 
sedimentary rocks that strikes north-westerly. The Palaeozoic strata are separated from 
the Mesozoic units by a major regional unconformity (Deroo et ai. , 1977) and it is the 
3 
structure of this unconformity that largely controls the system in which the McMurray 
Formation is deposited (Nardin et aI., 2007). 
The WCSB basin appears to have formed as a result of tectonic activity during the Early 
Cretaceous. The space needed to deposit the sediments was created when the North 
American continent moved westward and caused the crust to push downwards. Hence, 
the movements of the plates that led to the creation of the cordillera are known to be 
directly associated with the origin and evolution of the WCSB (Price, 1994). Uplift 
caused sediments to deposit in topographic lows with organic material being buried at 
great depths. This process ultimately led to the formation of oil and gas (ERCB, 2006). 
The source rocks for the oil are thought to be of Mississippian or Jurassic age or perhaps 
a combination of both (National Energy Board, 2000) although they remain questionable. 
They are discussed in detail in 'Source of the oil in the oil sands' section below. 
During the Early Cretaceous, sea level began to rise on a global scale. In North America, 
this eustatic increase caused the boreal sea (the coastline at that time, lay along the 
northern border of Laurasia) to invade into the western interior, which at peak flooding 
conditions [i.e. during warming of the climates, changes in salinity patterns and the 
resulting periodic development of anoxic conditions] (Kauffman, 1984) formed a seaway 
that extended from Arctic Canada to the Gulf of Mexico (Figure 3). As the sea 
transgressed over this region, rivers flooded to become major estuaries, and sandy 
sediment accumulated to form the McMurray deposit. Later during the Early Cretaceous, 
the sea transgressed the entire Athabasca area, resulting in the deposition of fine clastics 
that became the shales and clays of the Clearwater Formation. Overlying the coarser 
clastic sediments, these units acted as a cap rock for the reservoir (Mossop and Flach, 
1982; Kauffman, 1984). 
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Figure 3: The Western Interior Seaway (from Dobson, 2010). 
During the Late Cretaceous, western North America underwent an episode of mountain 
building, known as the Laramide Orogeny, which terminated in the mid-Tertiary and 
caused the final thermal maturation of pre-Cretaceous deposits within the WCSB. This 
event led to the generation of hydrocarbons at depth, and their gradual migration into 
shallower deposits within the WCSB. Oil eventually travelled up dip where it 
accumulated in the McMurray Formation and surrounding units of the Lower Cretaceous 
Mannville Group (National Energy Board, 2000). The source of this oil, however, has 
been debated for many decades and both a single source rock and multiple source rocks 
have been suggested. The ongoing controversy regarding the potential source rocks are 
discussed later in this chapter. 
Overall, the collision of the North American plate with that of the Pacific plate (~170 
Ma) caused compression and resulted in rocks being pushed eastward, folded and then 
thrust faulted. As the Rockies were being formed, erosion continued to take place, 
5 
resulting in clastic sediments being transported and deposited to the east of the mountain 
belt system. Over time, compression continued from the west and the Rocky Mountains 
were formed (Ayrton, 2007). Later, during the Eocene, uplift of the basin commenced 
and hydrocarbon generation and migration came to a halt (Fowler and Grasby, 2006). 
Figure 4 shows the migration pathway and the ultimate emplacement of oil in the Lower 
Cretaceous sediments of the northeastern region of Alberta. 
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Figure 4: Formation and migration of oil up dip into Lower Cretaceous deposits of 
northeastern Alberta following thrusting to the east (modified from Bott, 1999). 
Source of the oil in the oil sands 
Although the source of the oil is thought to be located in Southwest Alberta (i.e., Flach, 
1984; Creaney et ai., 1994), it is uncertain which rock(s) generated the vast 
accumulations of hydrocarbons In the oil sands. The uncertainty revolves primarily 
around two ages: the Mississippian/Devonian or Jurassic or a combination of both 
(National Energy Board, 2000). Some have argued for contributions from many source 
rocks due to the size of the deposit (Creaney and Allan 1990; Creaney et ai., 1994; 
Adams et ai. , 2004), whereas others have pointed to a single source (Riediger et ai., 2000; 
Selby and Creaser, 2005; Hein et ai., 2008). Masters (1984) concluded that source rocks 
for the oil sands were organic shales of Jurassic and Early Cretaceous age, although 
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Adams et al. (2004) considered these too small in volume to have sourced much of the 
oil. Stasiuk and Fowler (2004) on the other hand suggested that the Upper Devonian 
W oodbend Group and W interburn Group and Upper Devonian to Lower Mississippian 
black shales of the Exshaw and Bakken formations were the major sources for these 
deposits. Indeed, studies using biomarker characteristics (Riediger et aI., 2000) and Re-
Os isotope data (Selby and Creaser, 2005) point to the Exshaw Shale as the single source 
of the Athabasca oil sands bitumen (Riediger et aI., 2000 and Hein et aI., 2008). 
The Exshaw Shale extends from southern Northwest Territories to northern Montana and 
crops out near Exshaw, Alberta. This formation consists of a lower black shale member 
and an upper siltstone member, with its greatest thickness in southwestern Alberta. It 
thins towards the east where it is termed the Bakken Formation. The lower and upper 
members of the Exshaw Formation together have a thickness of about 31 m, with the 
lower shale being about 18 m and the upper siltstone about 13 m respectively (Smith and 
Bustin, 2000). Furthermore, distal deep-water (>200 m) muds are known to have 
accumulated in the WCSB during the deposition of the Bakken Formation and the lower 
black shale member of the Exshaw Formation. In contrast to this trend, the upper siltstone 
member of the Exshaw Formation and middle Bakken siltstone units record deposition of 
proximal shallow waters mudstones «200 m). Subsequent deposition of muds and sands 
suggest a deep to shallow marine and back to deep marine depositional environment for 
these formations (Smith and Bustin, 2000). 
Allan and Creaney (1991) considered the oil-sands bitumen to be a mixture of oils 
sourced from the immediately underlying section with major contributions coming from 
the Jurassic ("Nordegg Member" and possibly younger Jurassic) as well as the 
Mississippian (Exshaw and Bakken formations). The "Nordegg Member" refers to a 
subsurface unit of unproven correlation to the Lower Jurassic Nordegg Member of the 
Fernie Formation, as defined in outcrop in the central Alberta foothills (Riediger et aI., 
1990). Additional subcrops are connected to the Mannville group and could have 
supplied oil to it, e.g., the Upper Devonian Nisku Formation (composed of dolomitized, 
fossiliferous carbonates), although no geochemical evidence is available to support this 
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hypothesis. However, a study on the petroleum migration history in the WCSB by 
Riediger (1994) concluded on both geological and geochemical grounds that the organic-
rich "Nordegg" could not have been a major source for the large volumes of oil in place 
in the Lower Cretaceous oil sands. Except for a small region near the eastern subcrop 
margin of the "Nordegg" where the shale was eroded, stratigraphic reconstructions 
indicate that an upward expulsion of the "Nordegg" oil was prevented by the overlying 
shale unit (Poker Chip shale). Although this small region has been suggested as a 
pathway for the migration of mature "Nordegg" oil to the eastern subcrop margin beneath 
the Mannville, this hypothesis is not supported by oil-source rock biomarker analysis 
(Riediger, 1994). Hence, up-dip migration of oil from the "Nordegg" unit has not likely 
contributed to the Lower Cretaceous oil sands. Notwithstanding these more recent 
advances, Brooks et al. (1990) analyzed samples from each heavy oil deposit and 
concluded that the Alberta oil sands deposit must belong to a single family with a unique 
source. 
Stanton (2004) argued that gigantic oil reserves require an equally gigantic source, and 
accordingly the oils sourced from the marine shales and carbonates could only be minor 
contributors. He proposed that coal is the source of the oil sands bitumen, released mainly 
during bituminization, and that the Upper Jurassic Kootenay and Lower Cretaceous 
Luscar coals and shales were the main source rocks. He also stated that, in addition to the 
extraordinarily high content of total organic carbon (TOC values) in these coals, they are 
known to have generated oil during the bituminization stage (,....,0.5 %Ro) of the 
coalification process (coal maturation). The oil sands bitumen is hence proposed to have 
a non-conventional (non-marine) source. The coals have a widespread distribution, 
extending from the mountains to the foothill regions and the plains of Alberta with some 
seams> 13 m thick (Cameron and Smith, 1991; Stanton, 2004). Furthermore, despite the 
fact that coals (especially humic coals) are generally associated with producing gas and 
not much oil, Stanton argued that different macerals (e.g., vitrinite) change chemically 
during the different stages of coalification and therefore may have generated oil during 
the bituminization stage. Since the coals of the Upper Jurassic Kootenay and Lower 
Cretaceous Luscar formations have a high percentage of organic material, this suggests 
8 
that the overall contribution from these sources could be enormous (Stanton, 2004). 
However, it is known from geochemical studies that the bitumen in the Cretaceous oil 
sands and underlying Paleozoic carbonates have a similar source to other conventional 
Mississippian and Lower Cretaceous hydrocarbon reservoirs in the basin (Fowler and 
Riediger, 2000); making Upper Jurassic and Lower Cretaceous coals unlikely as a 
primary source for the Upper Cretaceous oil sands. 
Moreover, a recent study by Adams et al. (2010) reveals that the source of the Athabasca 
and Cold Lake deposits differs from that of the Peace River oil sands bitumen based on 
sulfur and nitrogen contents of the oils as well as biodegradation. The westernmost part 
of the Peace River deposit is known to be sourced primarily from the Lower Jurassic 
Gordondale Fm source rocks, in contrast to the east end of the Peace River deposit which 
points to the Exshaw oil as with Athabasca and Cold Lake deposits. Overall, molecular 
concentrations, metal contents, and isotopic signatures (i.e., 8 l5N and 834S values) clearly 
differentiate the bitumen in the Athabasca and Cold Lake deposits from the Peace River 
deposits. 
To summarize, given the many discrepancies between these researchers, it is evident that 
the source of the oil sands remains questionable. However, Devonian/Mississippian rocks 
appear to be the principal source for the Athabasca and Cold Lake deposits, although 
perhaps with contributions from elsewhere, whereas the westernmost side of the Peace 
River deposit is most likely to have been sourced from the Gordondale Fm source rocks 
of the Lower Jurassic. 
Depositional environments of the Mannville Group 
Regionally, the McMurray is a series of unconsolidated muds, silts and sands. It rests on 
the Devonian unconformity and is capped by shales of the Clearwater and Grand Rapids 
formations (Figure 5). A continuum of sedimentary environments, from fluvial in the 
lower parts, to dominantly estuarine in the middle, and marine near the top results in a 
three-fold subdivision of the Lower Cretaceous Mannville Group (Gingras and Rokosh, 
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2002; Hein and Cotterill, 2006) with the matn bitumen-rich zones being deposited In 
estuarine settings of the Middle McMurray Formation (Figure 6). 
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Figure 5: Lower Cretaceous Mannville Group stratigraphy in the region of the Athabasca 
Oil Sands, Alberta (from Hein et aI., 2001, fig. 2). 
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succession at the Joslyn Creek in-situ area (from Hein and Cotterill, 2006, fig. 11). 
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The deposition of the three members is characterized by such elements as point bars, 
abandoned channels and tidal flats (Fustic et aI., 2006). Overall, the sequence represents 
deposition in several estuaries overlapping in space and time (Wightman and Pemberton, 
1997), with each estuarine package comprising several levels of heterogeneity. Figure 7 
depicts the facies architecture of the McMurray Formation on a regional scale. 
Channel 
Facies 
Tidal Flat 
Abandoned Channel 
Point 
Bar 
Lateral 
Accretion 
Lower Point Bar 
Open estuary 
- sub-tidal sand bars -
Figure 7: Schematic depositional diagram of the McMurray Formation (from Fustic et ai., 
2006, fig. 2). 
Overall, the lower, middle and upper members of the McMurray Formation each have 
several lithofacies, based on the percentages of sand, silt, mud and clay content as well as 
other indicators such as trace fossils (e.g. Pemberton et aI., 1982; Wynne et aI., 1994; 
Ranger et ai., 2008). The lower member, due to its fluvial nature, consists of such facies 
as fluvial channel muds and breccias, which are characteristic of continental-type 
environments. The middle member consists of estuarine and tidal channels/tidal flat 
settings, whereas the upper member is a dominantly marine facies which was deposited 
as the boreal sea transgressed southwards (National Energy Board, 2000). Within each 
unit, the internal facies relationships are complex both laterally and vertically. Overall, 
four major sequences make up the complexity of these units. Thick, braided stream 
deposits covered by lake muds, paleosols and coals constitute the oldest sequence (I). 
Sequence II consists of fluvial and estuarine deposits, where as Sequence III is 
characterized by individual point bars that are up to 70 m in thickness. Additionally, the 
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youngest succession (sequence IV) is dominated by bayhead delta muds within deep 
valley systems (Nardin et ai., 2007). These sequences can be related to 3rd and 4th order 
eustatic cycles, which are transgressive cycles over time resulting from a progressive rise 
in sea level (Figure 6). The deposition of these sequences is affected by the basal 
unconformity on which the McMurray Formation rests, and therefore the expression of 
successions within this deposit are largely influenced by the paleotopography (Rein and 
Cotterill, 2006). 
Migration of the oil and its degradation 
The oil sands are largely unconsolidated (i.e. with no significant grain-to-grain 
cementation), which suggests that the oil was emplaced before the sands were chemically 
or biologically transformed (Dusseault, 2001). After deposition (ca. 120 to 100 Ma) to 
about 50 million years ago, when the entire basin was uplifted as a result of tectonic 
activity, the movement of oil into the sand reservoirs took place (Wightman and 
Pemberton, 1993; Barry, 2008). In comparison with present day conditions, the viscosity 
of the oil was much lower in the past when the WCSB was much more deeply buried. 
The movement of the oil up-dip from the southwest (where the source rocks were) to the 
northeast was directed by hydrodynamic transport towards the foreland with the pre-
Cretaceous unconformity being a major channel for this migration (Dusseault, 2001). 
Secondary migration of petroleum in general is known to be affected by regional 
groundwater flow systems (Adams et aI., 2004). In addition to controls by 
paleotopography, the accumulations of oil in the Athabasca and Cold Lake regions were 
also impacted (at depth) by an ancient regional salt-dissolution front (Devonian 
evaporites), that had structural control over this region (Dusseult, 200 I, Adams et ai., 
2004, Rein et ai., 2008). Specifically, the dissolution and removal of the evaporites 
caused the collapse of overlying strata, resulting in a depression in which the McMurray 
Formation was deposited. Overall, the accumulation of the Athabasca oil sands can be 
modelled by a topography-driven flow system (Adams et aI., 2004) given that the 
paleotopography of this region played a key role in the ultimate placement and 
distribution patterns of the oil sands reserves (Flach, 1984; Bachu and Underschultz, 
1993). Figure 8 shows the migration pathway of the oil into the sands. 
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Degradation of the oil by bacteria that had been introduced by oxygenated (meteoric) 
waters, caused lighter hydrocarbon molecules to be released from the oil, leaving behind 
the heavy, viscous bitumen that now fills the pore spaces in the oil sands (Barry, 2008). 
Although biodegradation is known to have started during the migration process, most of 
the activity took place in the reservoir itself because the oil was present there for a much 
longer period of time (Rondeel, 2001). Moreover, biodegradation also causes the sulphur 
concentration of crude oils to increase because of the removal of hydrocarbon chains in 
the oil. The bacteria first attack lighter hydrocarbons (e.g. n-alkanes) and then progress to 
more complex compounds, leading to a rise in sulphur content (Bachu and Underschultz, 
1993; Rondeel, 2001). Overall, in comparison to conventional crude oils, bitumen is 
characterised by high viscosity, high density and a high metal content, and accordingly an 
increased specific gravity (National Energy Board, 2000; Barry, 2008). In addition to 
becoming heavier, these oils become more acidic (Fustic et aI., 2006). The oil sands 
bitumen ranges from 6° to 18° American Petroleum Institute (API), which is classified as 
low gravity, i.e. heavy, oil (Stanton, 2004). To date, biodegradation of the oil sands 
continues to take place in the surface mineable area as well as the shallow subsurface in 
the northeastern Alberta region (Hein et aI., 2008). 
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Figure 8: Location of thermally mature source rocks relative to that of the oil sands, and 
migration path of the oil from southwest to northeast (from Creaney et ai., 1994, fig. 
31.21) 
Uplift and erosion 
During the Laramide Orogeny, the west to east deformation of strata resulted in deeper 
burial of sediments in the foreland belt which in tum caused increased maturation rates 
and the generation of hydrocarbons. On the western side of the basin, uplift occurred 
during the Late Cretaceous whereas in the eastern plains, uplift took place much later 
(Eocene) and it was during this interval that generation and migration of hydrocarbons 
came to a close (Bustin, 1991; Fowler and Grasby, 2006). 
1.3 Research Goals 
This study aims to explore the processes that have led to the degradation of oil within the 
oil sands of Kearl Lake, and by extension elsewhere in Alberta, by analyzing organic 
matter contained within strata that host the bitumen. Since organic matter is sensitive to 
degradation (including oxidation), it may provide clues as to the degradation of the oil 
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into bitumen. The organic matter from 39 samples in three wells, taken through 53 m to 
80 m thick successions of the McMurray Formation, has been investigated using vitrinite 
reflectance, Rock-Eval pyrolysis, palynofacies analysis, and fluorescence microscopy. 
Various lithologies (sands, silts, clays, coals) and depths have been sampled, and a major 
objective of this study has been to determine whether degradation of the organic matter is 
related to depth and/or lithology, as this might indicate the preferred migration routes of 
oxidizing ground waters. 
The system used to measure vitrinite reflectance at Brock University is based on a high-
end monochrome digital camera measuring grey scale from a charge coupled device 
(CCD) chip. Because this methodology is a relatively new innovation in vitrinite 
reflectance studies, a necessary prerequisite has been to compare the results from the 
equipment at Brock University with measurements generated by conventional equipment 
using a photomultiplier. Because the CCD system used at Brock is much less expensive 
than conventional measuring equipment, there are cost-saving consequences attached to 
successfully verifying its sensitivity and reliability. 
The following objectives have been pursued: 
1. Test the reliability of the new vitrinite reflectance system at Brock University by 
means of an inter-laboratory comparison on whole-rock mounts. 
2. Investigate using vitrinite reflectance, RockEval pyrolysis, palynofacies analysis using 
incident light microscopy, and fluorescence microscopy on both vitrinite reflectance 
stubs and palynofacies slides, whether there are systematic variations controlled by depth 
and/or lithology that might identify the oxidizing effects of circulating groundwaters. 
3. Based on objective 2, assess whether variations in vitrinite reflectance are caused by 
factors other than burial history. 
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4. Use combined results from vitrinite reflectance and Rock-Eval pyrolysis to improve 
understanding of the thermal maturity and hence burial history of the oil sands deposits. 
The following chapters introduce and outline the methodology for each technique used, 
present the results of each technique, and provide analysis and discussion of the results. 
Areas for future research within this type of study will finally also be discussed. An 
illustrated step-by-step description of the operation of the new vitrinite reflectance and 
fluorescence equipment at Brock University is appended (Appendix 1). 
1.4 Review of Analytical Techniques 
Vitrinite Reflectance 
One of the most extensively used parameters for evaluating the thermal maturity of 
organic matter is vitrinite reflectance (VR), which relies on the property of vitrinite to 
undergo increasing reflectance with increasing temperature. It is measured under a 
reflected light microscope, and Ro is the notation given for reflectance using an oil-
immersion objective lens (Allen and Allen, 1990). VR is considered a key indicator 
primarily due to the natural properties of vitrinite, which include consistent physical and 
chemical changes under increasing thermal stress, and uniform appearance under 
reflected light microscopy regardless of orientation (Mukhopadhyay and Dow, 1994). 
Because the effects of increasing thermal stress on vitrinite are progressive and 
irreversible, vitrinite reflectance can provide important information on the thermal 
maturation and hence burial history of a basin (Kalkreuth and McMechan, 1988). 
Vitrinite is a major element of most coals, and comprises a large proportion of terrestrial 
organic matter (Kaelin et aI., 2006). It is a constituent of kerogen (Type III) derived from 
primarily woody materials, and is examined by transmitted and reflected light during 
analysis (Brooks, 1981). Figure 9 shows the subdivision of kerogen using transmitted, 
fluorescent, and reflected light microscopy. 
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Figure 9: Subdivision of kerogen using microscopy (from Brooks, 1981, fig.6). 
Vitrinite is derived from the lignin and cellulose components of higher plant tissues, and 
is represented by two main groups: vitrinite type 1, a moderately hydrogen-poor vitrinite 
(with no fluorescence); and vitrinite type 2, a moderately hydrogen-rich vitrinite. The 
latter can be distinguished from the former by its weak fluorescence and lower 
reflectance value (Buiskool Toxopeus, 1983). The differences between these two types 
are thought to result from different plant associations or gelification processes (Tis sot et 
ai., 1987). A key feature of vitrinite is that its fluorescence and reflectance characteristics 
are inversely proportional (Allen and Allen, 1990), with decreasing fluorescence and 
increasing reflectance both providing an indication of increasing thermal maturity. Both 
whole-rock mounts and concentrates of dispersed organic matter (DOM) can be used for 
measuring vitrinite reflectance in the laboratory (Barker, 1996). Since vitrinite is usually 
the most abundant maceral in coals, its properties widely imitate those of the coal as a 
whole (Smith and Smith, 2007), and it is considered analogous to coal because as coal 
rank (maturity) increases, so the reflectance of vitrinite macerals also increases. Organic 
petrographers subdivide vitrinite into telinite (structured), collinite (unstructured), and 
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detrital. The first two kinds represent common submacerals of vitrinite-type 1, whereas 
the last corresponds to those of vitrinite-type 2 (Buiskool Toxopeus, 1983). 
Although it has long been known that humic coals are mainly gas-prone with little 
potential for oil generation, recent research has shown potential for oil generation even in 
humic macerals such as vitrinite (Stanton, 2004). This may be explained at least partly by 
the observation that hydrogen-rich resins and waxes contributing to oil generation occur 
within collinite (Peters et aI., 2005). Moreover, although temperature is the main factor 
that accounts for the change in reflectance properties of vitrinite particles by structural 
and molecular alteration with increasing depth, time and pressure also play their part 
(Fedor and Hamor-Vido, 2003). 
Heat stress is a large factor in the reflectance of vitrinite, and reflectance values have 
been assigned to the beginning and end of oil generation (the "oil window"); with the 
onset corresponding to a value of ca. 0.4-0.6% and the tennination at ca. 1.1-1.3% 
(Peters et aI., 2005). The reflectance of vitrinite is highly sensitive to temperature ranges 
that fall within the "oil window" between 60°C and 120°C (FiQure 10). 
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Figure 10: The oil window showing the ranges of temperatures and changes in molecular 
composition of hydrocarbon chains (from Marshak, 2001, fig. 14.7). 
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As vitrinite becomes progressively buried, its aromaticity (the stability associated with 
benzene compounds) increases which causes its refractive index and consequently its 
reflectance to increase (Smith and Smith, 2007). The increase in vitrinite reflectance 
occurs due to several chemical transformations that take place during this process of 
coalification. These transformations occur through a series of stages and may include 
decarboxylation (release of CO2), dehydroxylation (release of an -OH group), 
demethylation (removal of a methyl group -CH3), aromatization (conversion of 
nonaromatic structures to aromatic structures), and polycondensation (formation of a 
polymer by linking individual monomers) of the aromatic compounds (Mukhopadhyay 
and Dow, 1994). Specifically, macromolecular changes of the lignin biopolymer cause 
the increase in vitrinite reflectance during the coalification process (Mukhopadhyay and 
Dow, 1994). Figure 11 illustrates the various stages that a molecular fraction of a 
vitrinite-rich coal undergoes during the process of coalification. 
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Figure 11: Evolution of vitrinite-rich coal during coalification (from Stanton, 2004, fig. 
11 ). 
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Uncertainties in VR analyses can arise during any stages of the procedure, including 
sampling, preparation, measurement and interpretation, although three major causes of 
uncertainty are usually acknowledged: operator (human) errors, technical difficulties, and 
non-uniformity in the structure of the organic matter (Fedor and Hamor-vida, 2003). 
Additionally, it is important to note that vitrinite reflectance measurements tend to be less 
reliable at lower levels of thermal maturity, particularly where Ro values are below 0.7% 
or 0.8% (Allen and Allen, 1990), but also at high temperatures (equivalent to depths 
exceeding 4 km) that cause vitrinite to become increasingly anisotropic (directionally 
dependent) and less consistently measurable (Allen and Allen, 2005). As such, it is 
crucial that other geochemical parameters should be used in support of Ro measurements 
of maturity. 
Several additional factors are known to affect the reflectance of vitrinite, resulting in 
vitrinite reflectance anomalies. These factors result in vitrinite reflectance values being 
either higher (enhancement) or lower (suppression) than the norm (Fang and Jianyu, 
2010). They have been attributed to factors such as the biodegradation of sediments 
during early diagenesis, water-washing, oxidation, diffusion, pressure, heterogeneity of 
vitrinite particles, reduced salinity of formation water, and the hydrogen index of the 
vitrinite (Fermont, 1988; Huang, 1996; Stanton, 2004; Fang and Jianyu, 2010). Because 
vitrinite is sensitive to weathering (i.e. oxidation), it is important to comprehend the 
effects of oxidation on the reflectance of vitrinite. A study on coals by Ivanova and 
Zaitseva (2006) showed that the influence of oxidation varies depending on the rank 
(thermal maturity) of the coal. While some researchers argue that VR does not alter 
during the early stages of coal oxidation since the chemical structure is not disturbed, 
others dispute this stating that VR increases at first due to a rise in the thermal evolution 
(aromaticity) of the coal and later decreases (Eremin and Gagarin, 1999; Ivanova and 
Zaitseva, 2006). Opposing opinions revolve around this issue and demonstrate the 
complexity of the oxidation process as a whole. Since the process of oxidation itself is 
dependent upon a variety of factors including the composition of the coal, its stage of 
metamorphism, the temperature and water conditions etc. (lvanova and Zaitseva, 2006), 
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it is inevitable that the trends and effect of oxidation on VR will vary with local 
conditions and in different types of coals. 
Preparing and measuring vitrinite samples 
In preparing samples for vitrinite reflectance analysis, two methods are primarily used: 
1) where the rock is rich in organics, the whole rock specimen is polished; and 2) for less 
organic-rich rocks, kerogen is isolated from the matrix (using HCI and HF treatments that 
remove most minerals) and embedded in an epoxy resin that is then polished 
(Peters et ai., 2005). Also sometimes, a whole-rock specimen is crushed and embedded in 
resin and then polished. In this case, different microlithotypes and their relationship to the 
organic matter deposited within the matrix are more clearly seen than in an 
acid-concentrated sample (J. Reyes, pers. com., 2009). 
During analysis, the reflectance measuring equipment (this being a Leica DFC 350FX 
digital camera at Brock University) attached to the microscope measures the percentage 
of white light reflected from polished vitrinite particles, and the results are reported as Ro 
(%) over an average of about 50 measurements for each sample. Figure 12 displays the 
results of one such published analysis (Peters et aI., 2005). Vitrinite reflectance 
measurements are usually plotted against depth to give an Ro profile, where the slope of 
the Ro curve gives an indication of the geothermal gradient during the history of the basin 
(Figure 13). 
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Figure 12: (Left) Vitrinite reflectance histogram measurements for kerogen isolated from 
a rock (from Peters et aI., 2005, fig. 4.12). 
Figure 13: (Right) Correlation of coal rank with vitrinite reflectance (Ro) (from Allen and 
Allen, 2005, fig. 9.20b). 
Rock-Eval Analysis 
Another frequently used technique in identifying the type and maturity of organic matter 
is known as Rock-Eval pyrolysis, which involves the progressive heating of a sample in a 
pyrolysis oven. Evaluating rock samples involves a series of steps (Figure 16). Firstly, ca. 
100 mg of rock crushed to a powder are placed in the equipment for analysis. The sample 
is then released into the furnace and heated for 3 minutes in the inert gas helium to 
300°C. The so-called "free hydrocarbons" are released from the sample, and their 
quantity generated during this heating step is measured using a flame ionization detector 
(FID). The resulting measurements show as a curved peak on a graph of increasing time. 
This peak is known as SI (the "S" denoting Surface), and represents the maximum 
amount of hydrocarbons (in mg) liberated per gram of rock. Following this step, the 
temperature is increased at a rate of 25°C/min to ca. 650°C depending on the type of 
equipment used. Once again, the amount of hydrocarbons are recorded by the FID and 
reported as a second peak (S2). Finally, a third peak (S3) represents milligrams/g of 
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carbon dioxide generated from the sample over the temperature range of 300-400°C, and 
is analysed using a thermal conductivity detector (TCD). The temperature corresponding 
to the maximum rate of hydrocarbon generation (S2) is the T max temperature (Tis sot et 
ai., 1987) which is an indicator of thermal maturity. The oil window is defined by the 
following T max ranges: Type I Kerogen: 440-448°C, Type II Kerogen: 430--455°C, and 
Type III Kerogen: 430-470°C (Peters, 1986). 
Other values are also obtained during the analysis and include the Hydrogen Index [HI] 
and the Oxygen Index [01] (Behar et ai., 2001; Peters et ai., 2005). The hydrogen and 
oxygen indices (HI=S2/TOCx 1 00, 01=S3/TOCx 100) are related to the atomic H/C and 
OIC ratios and determine the quality of organic matter. Overall, the thermal maturity of 
the OM (organic matter) can then be estimated via two modes: the T max range (Table 1), 
and via a plot of HI and 01 on a graph (Figure 15). This graph is also referred to as a van 
Krevelen type diagram and plots standard reference lines based on observed and 
calculated changes in three source rocks and their kerogens. These are: Kerogen Type I: 
Eocene, Green River Formation oil shale from U.S.A., Kerogen Type II: Toarcian shale, 
Paris Basin, and Kerogen Type Ill: Westphalian coals from the Paris Basin, shales in the 
Logbaba well, Cameroon, West Africa, and Tertiary shales from Greenland (Peters and 
Cas sa, 1994; K. Osadetz, pers. com., 2009). Furthermore, a cross plot of T max versus HI is 
used to limit estimations of organic matter type and its thermal maturity. A related index, 
the Production Index (PI), (PI=S 1/[S 1 +S2]) is used to indicate the amount of 
hydrocarbons already generated compared to the total amount capable of being generated, 
or it is used as an additional maturity parameter (Peters, 1986, Behar et ai., 2001, and K. 
Osadetz, pers. com., 2009). Both the Tmax index and the PI index are indices of maturity 
that depend partly on the type of organic matter present (i.e., marine versus terrestrial, or 
an oil-prone source rock versus a gas-prone source rock). 
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Table I: T max values and corresponding levels of thermal maturity (from Pimmel and 
Claypool, 2001) 
Tmax (e) Representation 
400-430 Immature organic matter 
435-450 Mature/ oil zone 
>450 Overmature 
Arrows on Figure 14 point to increasing thermal maturity (Pimmel and Claypool, 2001). 
From this graph, it is evident that samples with a high HI and 01 values represent lower 
thermal maturities whereas samples with low HI and 01 values represent higher thermal 
maturities. 
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Figure 14: Hydrogen index/oxygen index plot from Rock Eval pyrolysis data. TOC = 
total organic carbon. Retrieved from: 
http://www-dp.tamu.edu/publications/tnotes/tn30/tn30_f5.htm 
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Palynology 
Palynology refers loosely to the study of acid-insoluble microfossils (palynomorphs), 
such as pollen grains, spores (terrestrial palynomorphs) and dinoflagellate cysts and 
acritarchs (aquatic, and especially marine, palynomorphs) as well as other microscopic 
acid-insoluble remains such as the woody/cuticular fragments of higher plants (Traverse, 
2007). Although vascular land plants lack mineralized skeletal "hard parts", their fossil 
record is fairly widespread because their adaptation on land has involved the evolution of 
specific decay-resistant organic compounds, such as lignin, cutin and sporopollenin. 
These compounds are also geologically preservable under favourable conditions (Knoll 
and Rothwell, 1981). Palynology is often used in stratigraphic studies (Gensel and 
Andrews, 1984) and the approach is applicable to most sedimentary environments for 
three key reasons: 1) palynomorphs occur throughout the Phanerozoic, 2) their 
preservation potential is generally good, and 3) they are found in a wide range of marine 
and terrestrial paleoenvironments (de Vernal, 2009). Generally speaking; four types of 
organic matter are preserved as a result of changes that occur at both the pre- and post-
depositional stages. These are: 1) materials of distinct morphology e.g. spores, pollen 
grains, and other microfossils; (2) structured fragments such as cuticles and woody 
tissues; (3) unstructured materials such as amorphous organic matter (AOM); and (4) 
soluble compounds that can be extracted using organic solvents (Batten and Stead, 2005). 
Furthermore, the various kinds of organic particles present in sedimentary rocks affect 
the production of hydrocarbons from the rock during thermal maturation. According to 
Bujak et al. (1977), four major kinds of organic particles can be identified: amorphogen 
(i.e. AOM), phryogen (i.e. non-woody material including palynomorphs), hylogen (i.e. 
woody material), and melanogen (opaque organic matter) of which, the first two are 
likely to produce liquid hydrocarbons, and the last having the least likelihood to be 
productive (Bujak et ai., 1977; Traverse, 2007). 
Palynology is useful not only for its value in stratigraphy and for indicating hydrocarbon 
potential, but also in the interpretation of depositional environments (Batten and Stead, 
2005). In order to classify sedimentary deposits according to their depositional setting, 
the concept of "palynofacies" was introduced (Brooks, 1981). This approach constructs 
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interpretations based on the full range of palynological particles in a sample. Specific 
palynofacies associations often point clearly to particular types of environment - e.g. 
marine, brackish and terrestrial - but in other cases, interpretations are less 
straightforward. For example, in nearshore marine paleoenvironments especially near a 
river mouth, the marine signal may be masked almost completely by abundant terrestrial 
input. Other difficulties in interpretation include AOM, which although characteristic of 
sediments accumulated in anoxic marine environments lacking a major source of 
terrestrial input, also dominates the organic components of some nonmarine successions. 
In the former case, the AOM mostly represents the remains of marine microorganisms, 
and in the latter is caused by degraded woody material (Batten, 1996). Palynofacies 
results are therefore not always amenable to unambiguous interpretation. 
Palynology and oxidation 
The colour of palynomorphs and other particles in a sample darkens with increasing 
thermal maturity. However, it is partly dependent also upon other factors including the 
original nature of the plant material and the thickness of the particle examined. Changes 
in colour can be a result of early diagenetic processes such as oxidation (Tissot et aI., 
1987). Samples with poorly preserved spores and pollen grains, or having the partial/total 
absence of delicate material are indicative of oxidized conditions insofar that the material 
has been subject to some sort of transformation. Conversely, samples containing delicate 
tissues and well preserved palynomorphs are suggestive of non-oxidized conditions 
(M. Head, pers. com., 2009). Furthermore, during the laboratory preparation of 
palynological slides, coaly samples are subjected to an oxidative treatment in order to 
release the particles (palynomorphs, woody debris etc) from the matrix and this is done 
by degrading the reactive "vitrinitic" part via oxidation (L. Darcy, pers. com., 2009). The 
oxidation 'treatment' may result in brightening or lightening the colour of the spores and 
pollen grains in the sample (Batten and Stead, 2005). Overall, the effects of oxidation 
decrease the potential of organic material to generate oil or gas (Waples, 1981). In the 
context of the present study, the preservational state of the palynological residue provides 
some measure of the oxidation history of the sediments. 
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Fluorescence 
Blue UV radiation is ideal for fluorescence work as it has a low infiltration power and 
therefore allows the fluorescent light to come directly from the surface of the constituent 
element being analyzed, hence portraying a more lucid image of the sample (Tyson, 
1995). In theory, the fluorescence of organic molecules begins with electron energy 
absorption during UV light excitation, which raises the electron's energy level from its 
ground state to an excited state. During its deactivation back to the ground state, the 
electron releases energy in the form of a photon, which is the fluorescence visible under 
the microscope. The fluorescence properties of oil in a sample are known to be associated 
with unsaturated organic structures that contain aromatics and conjugated polyenes 
(Hagemann and Hollerbach, 1986; Khavari Khorasani, 1987; Stasuik and Snowdon, 
1997). Furthermore, it should be noted that fluorescence is a product of specific 
compounds referred to as "fluorophores". These possess specific types of carbon bonding 
in their structure which allow the material to "fluoresce" colours of the particular 
elements present (Tyson, 1995). Both the hydrocarbon concentration and the composition 
(maturity) are responsible for the colour and intensity of fluorescence of the material 
(Horvath, 1990; Rott and Qing, 2006). According to Hagemann and Hollerbach (1986), 
increasing maturity of oils causes fluorescence colours to shift towards shorter 
wavelengths (i.e., green to blue). Furthermore, with increasing wavelengths, fluorescence 
intensity of the oils decreases after reaching their peaks. As such, the relationship 
between fluorescence intensity and wavelength can be said to be inversely proportional. 
With respect to burial history, fluorescence intensity decreases with increasing burial 
depth as the oils are thermally matured and degraded. According to Han et al. (1993), the 
fluorescence intensity of vitrinites generally decreases with increasing rank and also the 
fluorescence of macerals changes with increasing exposure time. Moreover, both the 
source of the organic matter and its preservational state affect the fluorescence properties 
of the material under study. For example, amorphous organic matter (AOM) that is 
derived from a terrestrial source would show little to no fluorescence properties, whereas 
AOM in marine sediments would show fluorescence characteristics (M. Head, pers. com., 
2009). 
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Chapter 2 
Materials and Methods 
2.1 Sample Collection, Description, and Preparation 
Conventional core samples were collected by the author at the Energy Resources and 
Conservation Board (ERCB) laboratory in Calgary, Alberta. A total of 40 samples were 
taken from coaly and other organic-rich intervals, while bitumen-rich zones were avoided 
as far as possible. These samples were processed into stubs for vitrinite reflectance and 
fluorescence work, and used for Rock-Eval pyrolysis and palynofacies analysis. 
For palynofacies analysis, seven coal samples and 33 other samples were processed in the 
Organic Petrology Laboratory of the Geological Survey of Canada (GSC)-Calgary. 
Analysis of these slides was performed at Brock University on a Leica DM2500 
microscope using a 1000x magnification and equipped with a Leica DC 300 camera. 
Rock-Eval pyrolysis was performed at the GSC-Calgary, and the results sent to Brock 
University for the author to interpret. 
Collection: In total, 15 samples were taken from the Texex well, 21 samples from the 
Chevron well, and 4 samples from the Suncor well. For well information refer to 
Appendix 11. For vitrinite reflectance work, one sample from the Texex well (sample no. 
12) was insufficient to make a pellet, and therefore was omitted from the analysis, and 
another sample (sample no. 1) was omitted due to an error in collecting and recording the 
sample details. 
Description: Each sample was described lithologically in the core repository over a 
period of 2 days. Descriptions are presented in Appendix 2. 
Preparation: Each sample was prepared accordingly for three separate analyses: 1) 
pellet preparation for VR and fluorescence analyses, 2) Rock-Eval analyses, and 3) 
palynological slide preparation. All samples were prepared at the GSC Calgary 
laboratories by GSC personnel. For inter-laboratory comparison, whole-mount pellets 
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were created to test the VR values obtained from the Brock University equipment against 
that at the GSC-Calgary. A total of five pellets were compared. Testing involved 
obtaining VR measurements on these pellets using the equipment at the respective 
laboratories. Julito Reyes of the GSC-Calgary performed VR analyses on the GSC-
Calgary equipment. 
2.2 Vitrinite Reflectance Methodology 
Crushing and Mounting: 
Five whole-rock samples, each consisting of a single pIece of coal, were mounted 
uncrushed in epoxy resin, and polished. The remaining 39 rock samples to be analysed 
for dispersed organic matter (DOM) analyses were crushed into < 5 mm fragments using 
a mortar and pestle in a cutting room fume hood to contain dust, and then taken to the 
preparation and polishing room where resin was added to the sample to construct the 
pellet. These whole-rock mounts were created from random samples taken from the same 
cores used in this study. The five whole-rock samples: 21109, 27/09, 33/09, 52/09, and 
55/09 have the following depths: 173.77 m, 193.21 m, 204.14 m, 233.10 m, 236.40 m 
respectively. Of these, samples 21109, 27/09, and 33/09 are from the Texex well where as 
samples 52/09 and 55/09 are from the Chevron well. 
Polishing: 
Polishing was the final stage in making pellets and involved several steps: 
1) Grinding using coarse grit paper for 90 seconds. This was repeated using a fine grit 
paper. Samples were rinsed and then dried with compressed air. 
2) Washing with alcohol for 2 minutes, follwed by polishing with an aluminum mixture. 
The latter is a powder (aluminum oxide) used in polishing pellets. Both a coarse 0.3 ~m 
Al suspension and a fine 0.05 J..lm Al suspension were used sequentially in the final 
polishing process, with the polishing motor running at 50 rpm. 
3) Placement of pellets in an ultrasonic bath in a Kodak photo-finish solution to remove 
excess aluminum residue from the pellets and render the top surface reflective. Pellets 
were then wiped off with cotton wool. 
4) Placement of pellets in a desiccator to remove traces of water from the sample. 
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Procedure: 
Inter-laboratory comparison using whole-mount pellets was conducted prior to analysing 
the actual DOM samples from the three cores, which were later analysed the same way. 
Table 2 compares the equipment and procedures used for measuring VR at the two 
laboratories. 
Table 2: Equipment and operational details relating to inter-laboratory comparison. 
GSC Lab (Calgary, AB) Brock University Lab (St. Catharines, ON) 
Equipment used: Leitz MPV reflected light Equipment used: Leica DM4000 M 
microscope equipped with a MPV GEO microscope with a digital camera (Leica DFC 
photometer and controller system. 350FX) recording grey scale from a CCD 
chip, measured/calibrated using Leica QWin 
imaging workstation. 
Oil base: Immersion liquid (%Ro; oil = Oil base: Leica Typ N Immersion liquid 
1.518). (%Ro; oil = 1.518). 
Objective lens magnification: 500x Objective lens magntfication: 500x 
Standards used: Glass standards (0.506, 1.02, Standards used: Yttrium-Aluminium-Gamet 
1.82 %Ro). (Y AG): %Ro = 0.905, and Spinel: %Ro = 
0.427. 
Optical Analysis: kerogen, bitumens, Optical Analysis: kerogen and bitumens. 
pyrobitumens. Random reflectance (%Ro) Random reflectance (%Ro) was determined 
was determined for vitrinite particles and for vitrinite particles using incident light 
isotropic bitumens and some pyrobitumens microscopy with light intensity = 16. 
(when applicable). 
Other: Samples were evaluated using a Leitz Other: Samples were evaluated using a Leica 
MPV fluorescence microscope system, using fluorescence system connected to the 
a 100 W UV light at a wavelength of395- DM4000 M microscope. Filter system A for 
440 nm. UV excitation at a wavelength of 340-380 
nm. Fluorescence work was conducted at 
1000x magnification. 
Equipment and VR Methodology at Brock University: 
Equipment: A Leica DM4000M microscope equipped with a high-end Leica 
monochrome digital camera (DFC 350FX with a SONY ICX-285AL grade zero sensor) 
measuring grey scale from a charge coupled device (CCD) chip was used for the vitrinite 
reflectance analysis. Two standards (Spinel %Ro = 0.427 and Yttrium-Aluminum-
Gallium Y AG %Ro = 0.905) were used to calibrate the microscope. The immersion oil 
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used when measuring the standards and the 40 pellets was the Leica Typ N Immersion 
liquid with a refractive index of ne 23 = 1.518. This analysis was performed at 500x 
magnification. 
Methodology: For each pellet analyzed, the equipment was first calibrated with the 
Spinel and Y AG standards in oil. In order to calibrate the software, the reflectance values 
for these two standards were entered in the "grey" box of the QWin image analysis 
program and the resulting mean grey value was measured for each standard. The grey 
scale measures from 0 to 255 (i.e. white to black). The two values reported indicate that 
the calibration has been completed and that measurements on a sample can be taken. 
Figure 15 shows the calibration measurements with the two standards. 
Calibrate Grey ~ 
1* of standards: ~ 
Reference. Mean 
value Grey 
~ Measure 32.81 
~ Measure 47.58 
r---- t·,1e.:,:;:u;e 
r---- Heaz,ure 
r---- Mea:;:ure 
r---- Mr,as:ure 
r---- Mea.,ure 
r---- Measure 
P'" Calibration on Measured Image 
I Reflectance ~ I lmage2 ~ 
Calibrate Save Load I 
OK Cancel Clear 
Figure 15: Calibration of standards (Leica QWin) 
In identifying vitrinite particles for measurement, it was necessary to search for particles 
that had a "clean" surface appearance, i.e. smooth and free from scratches, bitumen spots, 
pores, bright minerals and any other source of "noise". Under reflected light microscopy, 
vitrinite appears homogeneous, allowing individual grains to be identified relatively 
easily (Mukhopadhyay and Dow, 1994). Standard VR values usually require measuring a 
total of at least 50 vitrinite particles (Peters et at., 2005). While this number was 
achieved for 16 samples, a scarcity of particles meant that between nine and 30 
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measurements were made on the remaining samples. Also, because solid bitumen can 
result in higher or lower reflectance values, it is important that vitrinite and solid bitumen 
are reliably differentiated when taking measurements. In whole-rock mounts, bitumen 
can be readily identified as in-fill material in fractures and pores, but it is less obvious in 
DOM mounts (Barker, 1996). Detailed procedures for obtaining VR measurements are 
given in Appendix 1. 
Table 3: Petrographic criteria for distinguishing vitrinite from solid bitumen (from 
Barker, 1996, tab. 4). 
Vitrinite 
-Always a framework grain. 
-Shows internal structure cQllsistent wit.h a plant origin -such a.s remnant cellular outlines. 
-First-cycle vitrinite conforms to bedding and may inll!rdigitate with enclosing matrix Or drape framework grains., i.e. the grai.n is injtiaUy 
not rigid. 
--Vitrinite commonly occurs with other embedded macerals such as n..'Sinite filtins cell·lumens and so rorth. 
--Only observed in depositionalsediment.ary features· ... not diagenetic fe.atures. 
-May show compaction features (pinch tex.ture. wrapping around or conforming to the shape of framework grains and so forth). 
Solid bitumen 
-Typically observed as a product of diagenesis and ill diagenetic features (fractures~ cements, secondary porosity), 
-Typically shows 110 natural association with other macerals. 
-Tends to be internally nomogeneous. 
-Shows textures consistent with being deposited or precipitated on framework grains, on cement or in pore space. 
-May impregnate rock matrix. 
-As it typically originates during diagenesis; compaction textures are reduced in magnitude. or lacking. compared to primary DOM. 
:: . ,-- - - , - --, . - - !of- _,_ .... . - ."- "!!! - _. . .. - ". 'Sf ... - : . L _~ ,!!,: , - JI!l!lII - ----
2.3 Rock-Eval Methodology 
A subset of the samples was crushed into a powder manually using a pestle and mortar, 
and analysed by the Rock-Evallaboratory at the GSC-Calgary. Rock-Eval pyrolysis was 
performed on all 40 samples using the following methodology. 
Pyrolysis measurements were conducted using a Vinci Rock-Eval 6 unit equipped with a 
Total Organic Carbon analysis module. Three types of products are measured with the 
Rock-EvallTOC method: (i) hydrocarbons (HC), (ii) carbon dioxide (C02) and (iii) 
carbon monoxide (CO) evolved during both anoxic pyrolysis and oxidative pyrolysis 
phases. Rock-Eval analysis begins with the heating of a crushed rock sample at 300°C for 
three minutes in a nitrogen atmosphere, where free and adsorbed naturally occurring 
hydrocarbons are volatilized. The oven temperature is then gradually increased to 650°C 
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at a rate of 25°C/minute and kerogen decomposition takes place. The final stage 
(at 850°C) involves oxidation and combustion of the remaining organic matter. A flame 
ionization detector (FID) records the S I and S2 peaks which represent the amount of 
hydrocarbons volatilized at 300°C and then from 300°C to 650°C respectively. Between 
300°C and 400°C, the S3 peak is determined by an IR (Infrared) cell detector which 
records the quantity of organic CO2 generated from the sample. The total organic carbon 
(TOC) is expressed as a weight percentage and is the percentage of carbon in CO2 formed 
during pyrolysis below 400°C, and in CO formed below 500°C, and in the hydrocarbon 
peaks, S1 and S2. Additionally, the oxidation phase involves two signals: the first is a 
single CO signal which is labelled S4CO and comprises all the carbon that is of organic 
origin, and the second signal labelled S4C02 and representing the CO2 curve refers to the 
amount of CO2 produced between 300DC and the minimum temperature of the carbon of 
organic origin, i.e. S4CO (Behar et aI., 2001; K. Osadetz, pers. com., 2009). The diagram 
below illustrates this process. 
CO2 
[J!r--IFl-d-et-ec-to-rs-', 
300"C 
Oxidation 
Organic 
malleI' 
Carbonates 
Figure 16: Rock-Eval6 pyrolysis conditions (from Behar et aI., 2001, fig. 5). 
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2.4 Palynology Methodology 
Samples were processed for palynology by Linda Darcy at the GSC-Calgary laboratory. 
Procedures varied depending on whether the samples were siliciclastic lithologies or 
coals. Some samples required oil extraction prior to processing (see Appendix 3). Forty 
kerogen slides were prepared. 
Preparation: 
Coals: About 7 g of finely crushed sample was added to a Schulz solution (mixture of 
potassium chlorate and nitric acid) and heated for about 5-7 minutes until a reaction 
occurred. The residue was then washed gently over a 45 Jlm screen, put in a base 
(ammonium hydroxide 10%), and warmed for about 5 minutes. The> 150 Jlm fraction 
was removed by sieving and discarded, and the filtrate centrifuged in heavy liquid (zinc 
bromide S.G. 2.0). The float was removed, then washed and checked under the 
microscope. If a little more oxidation was needed to clean the residue further, a light 
J avex bleach was used in a warm water bath. The mounting medium used to secure the 
coverslip to the microscope slides was a liquid bio-plastic supplied by Ward's Natural 
Science Ltd. Overall, the resulting microscope slides are not true "kerogen" slides as the 
coals are partially oxidized as an unavoidable stage in the processing. 
Clastic samples: About 12-14 g of crushed sample was digested in 25% HCI for about 1 
hour or until the reaction had subsided. After settling and decanting, the samples were 
subjected to concentrated HF for about 4 hours. The HF was removed by centrifugation 
and the organic residue placed in concentrated HCI in a hot water bath. Heavy liquid 
(zinc bromide S.G. 2.0) separation was then used, and the float washed and sieved 
through 10 and ISO Jlm sieves (the > 150 and < 10 Jlm fraction being discarded). A 
kerogen microscope slide was then made from this residue. See Appendix 3 for specific 
treatments. 
Methodology for Palynological Analyses 
Palynofacies analyses were conducted at Brock University and involved a broad 
characterization of each slide. Focus was paid primarily on discriminating between pollen 
grains/spores, cuticles, phytoclasts, woody material, AOM and other major maceral 
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groups, and assessing their preservation. This was to detennine whether samples had 
been subjected to syn- or post-depositional partial oxidation, and if so, assess whether 
such oxidation might explain variations in vitrinite reflectance values. Palynofacies 
analyses also provide clues to the paleoenvironmental conditions under which the 
sediments were deposited, and allow visual assessment of the type of organic matter 
comprising each sample. The following classification was used for this analysis. 
Classification System for Palynological Analyses 
(Modified from Traverse, 2007, table 18.1) 
1 PALYNOMORPHS 
A. Plant-related remains 
(i) Spores 
a) Megaspores (>200 Jlm) 
b) Small spores «200 Jlm) 
(ii) Pollen 
a) Saccate 
b) N onsaccate 
B. Fungal spores and hyphae 
C. Dinoflagellate cysts 
D. Animal-related remains 
(i) Microforaminiferallinings 
2 PALYNODEBRIS (Non-palynomorph organic particles) 
A. Unstructured organic matter (UNSTOM) 
(i) Amorphous organic matter (AOM) 
a) Of terrestrial origin (AOMT) 
b) Of aquatic origin (AOMA) 
c) Undifferentiated matter 
(ii) Unstructured with identifiable characteristics 
a) Bitumen 
b) Resinous material 
B. Structured organic matter (STOM) 
(i) Phytoclasts 
a) Woody material 
- Well preserved (WP) or poorly preserved (PP) 
b) Cuticles 
c) Coal macerals (e.g. vitrinite and inertinite) 
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A total of 300 counts were made per slide and all examinations were performed at 1000x 
magnification. Within each field of view, the numbers of particles observed were counted 
and recorded individually before moving to the next field. The preservational state of the 
material was determined generally on visual characteristics. At 1000x magnification, 
delicate and well preserved material showed clear texture and in rare cases (e.g. cuticles), 
the cell structure was apparent. Well preserved phytoclasts would also show alternating 
black and brown fine lines within the particle itself indicating good preservation. 
Conversely, poorly preserved material was noted with a lack of structure (e.g. some 
AOM), and in other cases, with a cloud ofblurred/clustered particles. 
2.5 Fluorescence Microscopy 
Fluorescence work was conducted on the same equipment as that used for VR analysis; 
the Leica DM4000M microscope. Observations were made in a darkened room to 
visualize samples under UV light. Microscope slides were those used for palynofacies 
analysis. Slides were subjected to illumination at wavelengths of 340-380 nm (filter cube 
A for UV light), and observed at 1000x magnification. The microscope allowed easy 
switching between normal bright field illumination and fluorescence microscopy when 
observing the image. Details of the methodology and equipment are given in Appendix 1. 
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3.1 Vitrinite Reflectance Analyses 
Inter-laboratory comparison: 
Chapter 3 
Results 
Five whole-rock samples were used for inter-laboratory comparison. The average Ro data 
are based on 50 measurements of vitrinite particles per sample (Table 4; Figure 17). 
Table 4: Comparison of average (%) Ro data for whole-mount pellets. Analyzed by K. 
Sihra at Brock University and by J. Reyes at the GSC-Calgary (see also Figure 17). 
Sample GSC Lab Results Brock Lab Results Difference 
21109 0.41 0.32 0.09 
27/09 0.34 0.15 0.19 
33/09 0.37 0.31 0.06 
52/09 0.47 0.40 0.07 
55/09 0.40 0.36 0.04 
With the exception of Sample 27/09, measurements obtained at the Brock University 
laboratory are about 0.04-0.09% below those measured at GSC-Calgary. Standardization 
of vitrinite reflectance measurements for coal through the American Society for Testing 
Materials (ASTM) indicates that even when participating laboratories follow strict 
protocols, the reproducibility of reflectance is at best ca. 0.050/0 and can be as high as 
0.15% (Mukhopadhyay and Dow, 1994). The differences reported in Table 4 above, point 
to variations in VR between the two labs and with the exception of Sample 27/09, it is 
evident that the results range from 0.04-0.09% which fall in the "reproducible" range of 
the ASTM inter-lab standards and therefore no correction factor was applied in this case. 
Correction factors take into account the number of data for the vitrinite population 
divided by the number of participants, in this case, the two laboratories (Brock and GSC). 
As such, when data are in close proximity between laboratories, correction factors need 
not be applied. 
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Figure 17: Plot of average %Ro data for whole-mount pellets. Analyzed by K. Sihra at 
Brock University and by 1. Reyes at the GSC-Calgary (based on Table 3). Thick black 
lines represent one standard deviation and thin lines represent minimum and maximum 
values for each sample measured at Brock University. 
Vitrinite reflectance results for nOM samples: 
All pellets of dispersed organic matter (DOM) were measured exclusively at Brock 
University. Of the 40 samples collected for this study, one sample was insufficient to be 
made into a pellet and therefore was omitted. Furthermore, 13 pellets had very little 
« 1 %) to no vitrinite present, so it was not possible to measure these samples. Of these 13 
samples, sample 15/09 was from the Texex well (1 0-18-094-07W 4), sample 62/09 was 
from the Suncor well (l0-25-094-07W4), and samples 36/09-43/09, 45/09, 49/09, 53/09 
and 56/09 were from the Chevron well (l0-20-094-07W4). These samples were 
oil/bitumen stained and fairly to heavily bioturbated, with the exception of sample 49/09 
which was a coal and sample 56/09 which was a ped (soil). For sixteen pellets, the 
vitrinite was sufficiently abundant to reach 50 measurements; although for the remaining 
10 pellets only between 9 and 30 measurements could be made. Notwithstanding this 
limitation, the mean reflectance values had ranges of 0.26-0.43 %Ro for the Texex well, 
0.21-0.40 %Ro for the Chevron well, and 0.26-0.31 %Ro for the Suncor well. Standard 
deviation values ranged from 0.02-0.05 for the Texex well, 0.02-0.05 for the Chevron 
well and 0.03-0.04 for the Suncor well. A detailed summary of the results is given in 
Appendix 4. Histograms were also plotted for each sample for which vitrinite 
measurements were taken and their frequencies plotted (Appendix 5). Although the 
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general trends in VR with depth do not show consistent fluctuations, lines of regression 
for all three cores show a negative slope (i.e. y = -0.0016x + 0.3307 for the Texex well, y 
= -0.0051x + 0.3345 for the Chevron well, and y = -O.OOlx + 0.2783 for the Suncor well) 
which is indicative of a very small, decreasing trend with increasing burial depth (Figure 
18 a, b, and c). It is also noteworthy that the R2 (coefficient of determination) values for 
each core is very low (i.e. R2 = 0.0134, 0.0994, and 0.0011 for the Texex, Chevron and 
Suncor cores respectively) hence suggesting no significant long-term trend in the 
reported values. In detail, the Texex Steepbank plot (Figure 18a), shows a declining trend 
in %Ro until a depth of 193.1 m where the trend then starts to increase to about 201.7 m 
and then decreases again with depth. 
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Figure 18a: Down-core trends in vitrinite reflectance for Texex well 1 0-18-094-07W 4. 
Thick lines (bars) represent one standard deviation and thin lines represent minimum and 
maximum reflectance values at each depth. 
In the Chevron Steepbank plot (Figure 18b); the trend generally follows a saw-tooth 
pattern. At a depth of 241.9 m, a water-wet mudstone/sandstone unit, there is a decline in 
the vitrinite reflectance value. However, immediately below this unit, another water-wet 
sandstone zone shows an increase in %Ro. 
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Figure 18b: Down-core trends in vitrinite reflectance for Chevron well 10-20-094-07W4. 
Thick lines (bars) represent one standard deviation and thin lines represent minimum and 
maximum reflectance values at each depth. 
The Suncor Firebag well (Figure 18c) shows a slight decline in VR values with depth, 
although with only three samples examined, the trend is inconclusive and shows no clear 
patterns. 
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Figure 18c: Down-core trends in vitrinite reflectance for Suncor well I 0-25-094-07W 4. 
Thick lines (bars) represent one standard deviation and thin lines represent minimum and 
maximum reflectance values at each depth. 
From the above patterns, it is also noted that differing lithologies have influenced VR (to 
a limited extent), in that coaly zones and zones rich in bitumen show slightly higher 
reflectance values than samples having no coal or bitumen stains (see Appendix 2 and 4 
for comparison). Although these trends are not too obvious, they were noted in some 
samples. Other lithologies, such as mudstones and organic-rich samples generally show 
lower reflectance values. It is important to mention that since not all samples yielded 50 
measurements for vitrinite particles, the variations in the reflectance values are also partly 
dependent on the number of measurements taken for each sample. For example, not all 
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coals or bitumen stained lithologies show high %Ro values within each core, and thus, the 
nature of the samples had a vital role in the number of measurements that were taken. 
3.2 Rock-Eval Analysis 
Rock-Eval pyrolysis was conducted by the GSC-Calgary on all forty samples. For each 
sample, S I, S2, S3, T max, TOC, PI, HI, and 01 values are reported and the full results are 
presented in Appendix 6. Selected data are given in Figures 19-23 and Tables 6-8. 
Although the S 1, S2 and TOC values register the potential of a sample to produce 
hydrocarbons, these parameters are not discussed in detail as the present samples 
represent a reservoir and are not being evaluated as a potential source rock. The HI and 
S2/S3 ratio nonetheless provide information on the type of hydrocarbon produced, and 
the T max and PI values report the level of thermal maturity. For this study, the pyrolysis 
parameters for assessing the quality, and thermal maturity of the samples were evaluated 
using the standard guidelines outlined by Peters and Cassa (1994) and followed by 
Ghasemi-Nejad et al. (2009, tab. 4). 
Table 5: Guidelines for Rock-Eval pyrolysis parameters (from Ghasemi-Nejad et aI. , 
2009, tab. 4) 
Quantity TOC (wt%) 51 (mg HC/g rock) 52 (mg HC/g roc k) 
Poor 0-0.5 0-0.5 0-2.5 
Fair 0.5-1 0.5-1 2.5-5 
Good 1-2 1-2 5-10 
Very good 2-4 2-4 10-20 
Excellent >4 >4 >20 
Quality HI (mg HC/g TOC) 52/53 K erog en type 
None <50 <1 IV 
Gas 50-200 1-5 III 
Gas and oil 200-300 5-10 II/III 
Oil 300-600 10-15 II 
Oil >600 >15 
Maturation Ro (%) T max (OC) TAl 
Immature 0.2-0.6 <435 1.5-2.6 
Mature 
Earl y 0.6-0.65 435-445 2.6-2.7 
Peak 0.65-0.9 445-450 2.7-2.9 
Late 0.9-1 .35 450-470 2.9-3.3 
Postmature > 1.35 >470 >3.3 
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Texex Steepbank (lO-18-094-07W4) 
Table 6 gives ranges and averages of the results presented in Appendix 6. For the core as 
a whole, the average S 1 values are> 4 mg HC/g rock, average S2 values are> 20 mg 
HC/g rock, and average TOC values are> 4 wt %, thereby indicating that most samples 
are rich in organic matter (Table 5). Furthermore, with respect to the quality of the core, 
HI values report an average of 149.33 mg HC/g TOC, while the average S2/S3 ratio is 
5.48 for this core. As per the guidelines in Table 5, the average S2/S3 ratio falls in the 
range of gas and oil that suggests kerogen types II/III. However, there is wide variation 
between samples, and some (e.g. samples 8 and 10) have a high bitumen content that will 
have elevated the average S2/S3 ratio. Excluding these two samples, the HI values range 
from 50 to 200 and the S2/S3 ratio range from 1 to 5, and therefore indicative of Type 
III/IV kerogen for the core as a whole (Appendix 6). 
Table 6: Averages of Rock-Eval pyrolysis results for the Texex Steepbank core 
Parameter 51 52 S3 TOC Tmax HI 52iS3 PI 
Range 0.02- 35.19 0.37- 63.40 0.35- 32.25 DAD - 55.92 403 - 431 56 - 575 0.55-49.53 0.02 - 0.36 
Average 5.17 22.53 9. 18 16.53 420.73 149.33 2.45 0. 11 
Quality/Kerogen type GasfType IIIIIV 
Maturation Immature 
T max values, however, have ranges of 403-431 °C and thus indicate that all the samples 
are thermally immature. Furthermore, in terms of down-core trends (Figure 19), the 
Texex Steepbank shows slight to moderate increases in S 1, S2, and S3, while TOC shows 
a gradual increase down hole. In contrast to the above trend, T max values decrease down 
core. Additionally, HI values remain consistent throughout the core, but 01 values show a 
slightly declining down-hole trend. 
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Chevron Steepbank (lO-20-094-07W4) 
For the Chevron Steepbank well, the average S 1 values are between 0 and 0.5 mg HC/g 
rock, average S2 values are within the range of 10-20 mg HC/g rock, and average TOC 
values are >4 wt %. HI values report an average of 86.43 mg HC/g TOC, while the 
average S2/S3 ratio is 1.61, making samples mostly gas prone and of kerogen type III/IV. 
Values for Tmax have a range of 412-429°C and thus indicate that the rock is thermally 
immature, a conclusion confirmed by vitrinite reflectance. 
Table 7: Averages of Rock-Eval pyrolysis results for the Chevron Steepbank core 
Parameter S1 S2 5 3 TOe Tmax HI 521S3 PI 
Range 0.00 - 1.82 0.03- 75.78 0.11 - 29.74 0.03 - 57.41 412 - 429 13 - 207 0.27 - 5.18 0.02 - 0.17 
Averaqe 0.47 12.81 6.43 13.38 419.95 86.43 1.99 0.07 
Quality/Keroqen type GaslType IIIIIV 
Maturation Immature 
With respect to down-core trends, S 1, S2, and S3 increase while T max values decrease. At 
a depth of about 219.90 m, TOe values start to increase and maintain a normal 
distribution in the bottom half of the core. Although HI values increase slightly 
down-core, 01 values remain consistent with the exception of peaks at 186.0 m and 
187.2 m. 
46 
~ 
c 
co 
.c 
a. 
$ 
(J) 
c 
e 
> OJ 
..c 
() 
u 
o 
I-
I 
~ 
a. (j) 
0 
0 
C') 
ai 
~ 
a 0 
~ ~ 
l>- e;; ~ 
-0 
C 
Q) 
0> 
Q) 
.....J 
>. 
CO 
o Q) () c 
::2.8 U (J) 
";:: ""0 
"- ~ O~ 
-0 
Q) 
a. 
~ 
Cf) 
Cf) 
""0 
Q) 
c 
"iii 
iii 
c 
Q) 
E 
.a jjJ 
o 
ro 
o () 
I I 
~ 
Cf) 
Cf) 
£ 
U5 
""0 
C 
CO 
Cf) 
(J) 
...lI:: 
U 
Q) 
0. 
(J) 
"~ 
.c 
~ 
~ 
CO 
o () 
000 
Figure 20: Down-core trends In Rock-Eval parameters for the Chevron Steepbank core 
plotted against lithology. 
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Suncor Firebag (1 0-25-094-07W 4) 
The Suncor Firebag well shows high S2 values for samples 3 and 4 at depths of 282.30 rn 
and 282.80 m respectively. These high values are probably not associated with high 
bitumen content (unlike some Texex Steepbank samples) but rather indicate organic 
carbon rich lithologies (in this case, coals ). Average S 1 values fall in the 2-4 mg HC/ g 
rock range, average S2 values are >20 mg HC/g rock, and average TOC values are> 4 wt 
% (Table 4). Moreover, in terms of the quality of the samples, HI values report an 
average of 99.5 mg HC/g TOC, while the average S2/S3 ratio is 2.59, which again 
indicates a gas prone rock of kerogen type III/IV. Values for Tmax have a range of 389-
430°C and indicate that the rock is thermally immature. Results for vitrinite reflectance 
confirm this conclusion. 
Table 8: Averages of Rock-Eval pyrolysis results for the Suncor Firebag core 
Parameter S1 S.2 S3 TOC Tmax HI S2IS3 PI 
Range 0.01 - 4.71 0.05 - 64.10 0..20 - 12.99 0.04- 50.52 389 - 430 27 -127 0.25 - 5.47 0.06 - 0.10 
AveraQe 2.28 30.24 6.45 24.82 409.25 99.5 4.69 0.08 
Quality/KeroQen type GaslType III/ IV 
Maturation Immature 
Down-core trends for this core, as with the other cores, show increasing S 1, S2, S3, TOC 
values. Values for Tmax and 01 decrease down core, whereas HI values show increasing 
trends (Figure 21). 
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Figure 21: Down-core trends In Rock-Eval parameters for the Suncor Firebag core 
plotted against lithology_ 
49 
Additional Parameters 
Overall, values of HI versus 01 plotted on a modified van Krevelen diagram clearly 
demonstrate the high proportion of type III kerogen in the Texex and Chevron cores 
(Appendix 7). However, the trend is less evident in the Suncor core, perhaps due to the 
small number of samples analyzed. Tmax versus HI plots indicate that the sediments are 
immature in all three cores (Appendix 8). 
Furthermore, in order to determine if any relationships were evident in all three cores 
with respect to burial depth or lithology, selected parameters (specifically, S 1 and S2 and 
T max against %Ro) were compared for all three cores. Figure 22 shows the relationship 
between SI (free hydrocarbons) and S2 (pyrolysable hydrocarbons) based on the four 
different lithologies (sand/silts, mudstones, coals, and bitumen saturated sandstones) in 
all three cores. 
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Figure 22: Trends in the S 1 versus S2 parameter based on different lithologies for all 
samples from all three cores. 
It is evident that in all three cores, coals mostly have high S2 values whereas two bitumen 
saturated lithologies show high S 1 values. Mudstones and sandy/silty zones show low S I 
and S2 values. With respect to vitrinite reflectance and T max values (Figure 23), no simple 
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relationship apparently exists SInce data points for the vanous lithologies show no 
obvious pattern. 
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Figure 23: Vitrinite reflectance against maximum temperature (T max) based on the 
different lithologies. 
3.3 Palynological Analysis 
For each sample, two main groups of palynological elements were found: terrestrial 
components comprising phytoclasts (woody fragments), vitrinite particles, spores and 
pollen grains; and amorphous organic matter (AOM). AOM was classified as any 
structureless element regardless of shape or size. Marine material, represented by such 
elements as dinoflagellate cysts, foraminiferal linings, and acritarchs, was not observed 
in any samples. The following elements were enumerated for each microscope slide: 
embryophyte spores, fungal spores and hyphae, saccate and nonsaccate pollen, cuticles, 
woody material, amorphous organic matter (AOM), and vitrinite grains. Based on the 
general diversity present and the abundances of each element, four types of palynofacies 
were distinguished: 
(i) Palynofacies 1: Dominated by terrestrial elements (95%) with some AOM (5%) 
(ii) Palynofacies 2: Dominated by AOM (90%) and some terrestrial elements (10%) 
(iii) Palynofacies 3: Dominated by terrestrial constituents (100%) with no ADM 
(iv) Palynofacies 4: Dominated by terrestrial constituents (50%) and AOM (50%) 
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Overall, all microscope slides are rich in terrestrial organic matter and/or AOM, and no 
unambiguously marine influence was detected in any of the three wells, although it is 
known that two samples (samples I and 2 from well 10-20-094-07W4) from the Wabisca 
Member of the Clearwater Formation are marine based on trace fossils (Hayes et al. 
2008) and geochemistry (Longstaffe, 1993). Ternary plots for each of the three cores 
examined (Figure 24 a, b, and c) demonstrate the dominance of land-derived material in 
the samples studied. While AOM can have a marine provenance, it may also result from 
the partial breakdown of terrestrial material. Because all of the slides are rich in land-
based matter, and all have strong geochemical signatures for type III kerogen, it is 
assumed that the AOM is of terrestrial origin. The presence of delicate macerals in most 
of the slides suggests that the sediments have not undergone substantial oxidation during 
deposition or subsequently. Water wet zones (samples 19 and 20 from well 10-20-094-
07W4) showed abundant woody fragments and AOM, as well as traces of spores/pollen 
(i.e., sample 19 only), therefore also suggesting minimal oxidation. 
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1 
a) Texex Steepbank (10-18-094-07W4) 
Phytoclasts 
AOM Palynomorphs 
b) Chevron Steepbank (l0-20-094-07W4) 
Phytoclasts 
AOM Palynomorphs 
c) Suncor Firebag (l0-25-094-07W4) 
Phytoclasts 
AOM Pa.lynomorphs 
Figure 24: Ternary plots showing the dominance of phytoclasts (woody material and 
cuticles) over AOM and palynomorphs (spores and pollen) for each of the three cores 
examined. Dots represent relative percentages (totaling to 100%) for the three end 
members. 
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Texex Steepbank (lO-18-094-07W4) 
The percentages of each major category of particles were plotted as a bar graph to assess 
any down-core trends. Woody material shows a bimodal distribution down-core, with 
peaks near the top of the core and at the bottom, and a slight decrease in the middle of the 
core. AOM values remain constant except at 1 73.77 m where values increase 
significantly. Coal macerals (i.e. vitrinite or inertinite) show an increasing trend, whereas 
spores have a declining trend except for a peak at 201.70 m. Pollen grains and cuticles 
show a decreasing trend down-core. Figure 25 shows the relative percentage of the 
different types of material viewed under the microscope. 
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Figure 25: Down-core trends in palynological elements (Texex Steepbank) 
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Cuticles 
Chevron Steepbank (lO-20-094-07W4) 
For this core, woody fragments show an increasing trend with increasing depth. AOM 
has peaks at 186.00-187.20 m and again at 233.10 m within a coaly zone. Coal macerals 
peak at a depth of about 1 79.30 m and generally decline down-core, showing only traces 
or disappearing completely below 228.40 m. Spores and pollen have relatively consistent 
frequencies throughout the core, although are highly abundant at 228.40 m. Additionally, 
although two peaks are noted for the cuticles at depths of 187.20 and 233.10 ill, the 
relative abundance scale is exaggerated and these peaks are not statistically significant. 
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Figure 26: Down-core trends in palynological elements (Chevron Steepbank) 
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Suncor Firebag (1 0-25-094-07W 4) 
Despite this core having had the fewest samples analyzed, some tentative trends are noted 
from the bar graphs. Woody fragments show an increasing down-core trend, whereas 
AOM frequency peaks at 272.7 m and then declines. Coal macerals and spores generally 
decrease down-core. Any pollen and cuticle trends are obscured by their low abundance 
in the samples. 
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Figure 27: Down-core trends in palynological elements (Suncor Firebag) 
Fluorescence 
All samples showed very little to no fluorescence characteristics. Although oil staining 
was evident in some samples, the overall non- or weakly-fluorescing nature of the 
samples (Appendix 9) precluded detailed research. It should be noted that samples rich in 
amorphous organic matter showed no fluorescence, which is consistent with a terrestrial 
origin for this AOM. 
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4.1 Vitrinite Reflectance 
Chapter 4 
Discussion of Results 
VR measurements from all three wells range from 0.21 to 0.43 % Ro, with an average 
value of 0.31 % Ro• In fact, all but two samples have reflectance values of <0.4 % Ro 
(Appendix 4), indicating that the intervals examined do not exceed the equivalent coal 
rank of Sub-bituminous C (Table 9) and represent an immature degree of thermal 
maturation (Batten, 1996). These results are consistent with published VR data for 
Alberta insofar as maturity values decrease to the northeast (Bustin, 1991). Previous 
research conducted on thermal maturation of the Lower Cretaceous Mannville Group and 
equivalent coals in the Western Canada Sedimentary basin based on vitrinite reflectance 
data (e.g., Osaketz et ai., 1992; Stasiuk et ai., 2002) as well as paleogeothermal gradients 
and organic maturity of the WCSB (e.g., Osaketz et ai., 1990; Bustin, 1991; Creaney et 
ai., 1994), shows that reflectance values for the Mannville Group range from 0.30/0 to 
0.40/0 indicating immature sediments. These results are consistent with the present study. 
With respect to broad down-core patterns, results show a slight trend of decreasing 
vitrinite reflectance with increasing depth in all three cores based on regression equations 
(i.e., y = -0.0016x + 0.3307 for the Texex well, y = -0.0051x + 0.3345 for the Chevron 
well, and y = -O.OOlx + 0.2783 for the Suncor well). This pattern is not expected 
because, in parallel with coal rank, the refractive index of vitrinite and consequently its 
reflectance increases with increasing rank and hence depth (Smith and Smith, 2007), even 
though the increase in VR is not necessarily linear with depth over the peat to anthracite 
range (Suggate, 1998). However, since the R2 value for each core is very low (i.e. R2 = 
0.0134, R2 = 0.0994, and R2 = 0.0011 for the Texex, Chevron and Suncor cores 
respectively), this decrease in reflectance is subtle and not statistically significant. 
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Moreover, the narrow stratigraphic interval over which the samples were taken (152.63-
213.97 m for Texex well, 176.60-256.30 m for Chevron well and 229.20-282.80 m for 
the Suncor well) means that for modem geothermal gradients there would be almost 
indiscernible increases in VR with depth within the sampled interval. According to 
Hitchon (1984), the geothermal history of the Alberta region can be reconstructed over 
the past 60 myr (i.e., Late Paleocene) using the current hydrodynamic regime, geothermal 
gradient model, and coal rank data. In particular, the eastern region of Alberta (i.e., the 
plains) had a geothermal gradient of about 23°C/km during the Late Paleocene compared 
to post-laramide conditions, which led the gradient to increase by 4°C during the early 
Eocene to 27°C/km. With a maximum sampling interval in this study of 80 m (Chevron 
well), and a maximum geothermal gradient of 27°C/km, the temperature differential 
across this interval is only 2.16°C, which equates to about 0.015%Ro' Any significant 
down-core variations in VR must therefore result from factors other than depth of burial. 
Table 9: Coal rank classes (ASTM, 1992) and equivalent petrographic maturity 
parameters (from Potter et aI., undated, tab. 1). 
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With respect to smaller-scale VR trends down-core, the Texex Steepbank graph (Figure 
l8a) shows an increase in %Ro at a depth of 194.4 m. The increase in vitrinite reflectance 
occurs in coaly zones and coaly zones that are rich in bitumen (see Appendix 2). As such, 
this increase in reflectance may be associated with the lithology because other units do 
not show such a distinct change. In the other two cores, such a connection with lithology 
is not evident. Therefore, while lithology may exert control in some intervals, small-scale 
variations in VR elsewhere may have been caused by other factors. 
Overall, groundwater influence and oxidation seem not to have measurably altered the 
vitrinite reflectance, as water-wet zones (i.e. Chevron well sample 19 depth = 241.90 m 
and sample 20 depth = 246.62 m) have values in the same range as the other samples. 
In addition to larger- and finer-scale patterns, background fluctuations are observed in 
VR values that could result in part from the number of vitrinite grains measured in each 
sample, given that it was not always possible to obtain the minimum "acceptable" 
number of 50 measurements. This was because vitrinite particles were, in many samples, 
not present or present only in low numbers. However, for samples with measurements 
between nine and 30, the standard deviation did not change statistically as the average 
was still within that standard deviation. For example, if the standard deviation for 30 
measurements on any given pellet was ~0.04, then the standard deviation on any other 
pellet for < 50 measurements was also around 0.039-0.045, hence generally falling in the 
same range. An unverifiable source of uncertainty relates to the possibility that some 
measured vitrinite particles are reworked from older deposits. There is no easy way to 
distinguish such particles other than by spuriously high reflectivity. In addition, operator 
bias could also lead to variations in the measurement of results. 
According to the literature, vitrinite reflectance values are also affected by several other 
factors (e.g., Borrego et ai., 2006; Fang and Jianyu, 2010). These include: homogeneity 
of the surface, proximity to bright components (e.g., surrounding macerals), size of the 
particles, orientation of vitrinite particles due to surface relief/irregularities, mixture of 
particles (suppressed/reworked) with the first generation (indigenous) population of 
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vitrinites, and surfaces with imperfections or "noise" - scratches, bright minerals, pore 
infillings (Borrego et aI., 2006). Vitrinite macerals can also have different hydrogen 
contents and reaction kinetics based on the oxic/anoxic nature of the depositional 
conditions (Fang and Jianyu, 2010). In such cases, hydrogen-poor and oxygen-rich 
vitrinites would show maturity at an enhanced rate whereas the contrary would show 
maturity at suppressed rates. 
Differences between Brock and GSC-Calgary laboratories 
For the whole-rock samples used in the inter-laboratory study, the large discrepancy in 
reflectance value for sample 27/09 may be attributable to the nature of this sample, an 
asphaltine-saturated sandstone with abundant large coaly lenses and allochthonous 
vitrinite macerals. The reflectance of this sample is highly suppressed due to intense 
staining from the highly soluble asphaltine (J. Reyes, pers. com., 2009). The other whole-
rock samples also have asphaltine staining, but not to the same extent as sample 27/09. 
There are several possible explanations for the variation in results of the whole-rock 
samples between the two laboratories. The most likely relates to differences in the 
equipment utilized for the measurements at each facility (Table 2). Although both 
systems are calibrated to international standards, differences may result from the 
standards being used. Since the lowest reflectance standard used at Brock University has 
a value of 0.427 % Ro, and the lowest standard at GSC-Calgary is 0.506 % Ro, 
extrapolation (and hence potential error) is slightly greater for the GSC-Calgary 
laboratory. 
There is also the assumption that the detectors measuring the intensity of reflected light 
have a linear response (because extrapolation is used). The linearity of the Brock system 
was tested manually by the author and the results are presented in Appendix 10. The 
linearity test was designed by standardizing the amount of light coming through the 
microscope and incrementally increasing the exposure time going from black to white. 
The test was done over a range of 20 ms and 970 ms with increments of 30 ms. Overall, 
mean grey values increased with increasing exposure time with the linearity trend having 
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a slope ofy = 4.6377x + 29.733 and an R2 value of 0.982 indicating a positive trend that 
is by and large linear. 
Asphaltine (molecular substances found in crude oil) suppresses the % Ro regardless of 
the type of equipment being used. As such, we can deduce that the presence of soluble 
asphaltine in the matrix may be affecting the measured % Ro. In whole-rock samples, the 
different microlithotypes and their relationship to organic matter in the matrix is much 
more evident than in crushed concentrated samples. Those samples that were saturated in 
asphaltine showed greatest variation within the measurements, although not to the same 
extent as sample 27/09. All samples had some staining evident and so it is probable that 
the measurements at Brock are in close proximity to those at the GSC-Calgary laboratory 
but have a much higher suppression ratio. Although unknown, the higher suppression 
ratio registered at the Brock laboratory can be attributed in part due to different 
equipment being utilized as well as to operator judgment. 
Overall, comparison of VR on whole-rock mounts between the two laboratories shows 
that the new vitrinite reflectance system at Brock University is reliable within 
international accepted standards, but should now be tested against additional laboratories. 
Possible Sources of Operator-induced Error in VR Measuring 
The results presented are considered essentially reliable. Reliability of vitrinite 
reflectance results depends on two factors: first, the number of readings (measurements) 
taken per sample and second, the dispersion of the values - coefficient of variation (CV) 
(Borrego et al. 2006). Although the number of measurements taken in each core differed 
from sample to sample, the overall R 2 values did not vary significantly. Hence the results 
are considered fair and reliable throughout the depths examined in this study. Two factors 
however, appear plausible sources of operator-induced error in using the system at Brock 
University. Firstly, the likelihood of targeting an ambiguous vitrinite particle was fairly 
high. This was true especially of samples in which abundant mineral matter and various 
maceral types were present, making it difficult to reliably identify the vitrinite. The 
incorrect identification of a vitrinite particle may therefore have reduced the reliability of 
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some results, although clearly this would be a greater problem for samples in which few 
measurements could be made. However, this is not to be considered problematic since 
thre R2 values did not vary significantly between samples. Secondly, depending on 
whether the surface of the vitrinite grain was in perfect focus, the zoom feature of the 
QWin imaging program, and particularly the position of the blue measuring icon (Figure 
28), generated variable measurements. Every effort was made to ensure that perfect focus 
was achieved, but it remains a potential source of operator error. The above errors, while 
theoretically possible, are thought unlikely to have significantly affected the results 
presented. 
Figure 28: QWin imaging program zoom feature. The blue measuring icon is indicated 
within the red circle. 
4.2 Rock-Eval 
All parameters measured during Rock-Eval analysis are presented in Appendix 6. These 
parameters give insights into the type of kerogen dominant in each sample which in tum 
provides further important information pertaining to the sedimentary history of the basin. 
In all three wells, only three samples have Hydrogen Index (HI) values greater than 200. 
Two samples are from the Texex Steepbank well in the middle of the investigated 
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interval, with HI values of 575 for sample 8 and of 392 for sample 10, and one sample is 
from the Chevron Steepbank well with an HI value of 207 for sample 18. These values 
either imply some marine influence (e.g. Ghasemi-Nejad et aI. 2009), although there is no 
palynological evidence for this, or result possibly from the presence of excess bitumen (a 
postulation made by the author). The other samples have HI values ranging from 13 to 
176, indicating type III/IV kerogen and therefore of primarily terrestrial origin. The low 
HI values in the Texex well suggest that the abundant AOM in most of the samples is of 
terrestrial origin, while the low HI values in the other two wells (Suncor and Chevron) 
are mostly associated with abundant phytoclasts and woody fragments that are clear 
evidence of dominant terrestrial influence. These 'low' values for the HI could also be 
due to partially oxidized kerogen as the abundance of AOM in the samples suggests 
partial degradation and oxidation of the material, perhaps due to groundwater influence. 
The Oxygen Index (01) is dependent upon the Total Organic Carbon content, since 01= 
S3/TOC*100. In all three wells the 01 values are <150 mg/g TOe except for four 
samples where this value was exceeded (i.e., Chevron Steepbank samples 4, 5, and 9 with 
depths = 186.00m, 187.20m, and 200.50m and Suncor Firebag sample 2, depth = 
272.70m). Where they do exceed 150 mg/g TOC, this increase could be due to a 
contribution from mineral matrix CO2 during pyrolysis, or because of the initial low TOC 
content in the sample. Since the oxygen index is inversely proportional (see equation 
above) to the total organic carbon content, an initial low content of TOC would result in a 
high content for the 01 (Lafargue et aI., 1998; Behar et aI., 2001). 
For the Texex Steepbank well (l0-18-094-07W4), the high Sl values for samples 8 and 
10 are probably due to high bitumen content (as determined by Rock-Eval analysis) and 
possible contamination of the samples by drilling fluids. The high S2 values for six 
samples (namely, samples 8, 10 and, 13-16) in this core are probably indicative of 
organic carbon rich sediments but, once again, the high S2 values for samples 8 and 10 
are probably affected by the high bitumen content as well. The high average values of S2 
for the Suncor core clearly indicate that the Lower Cretaceous sediments are organic-
carbon-rich sediments. Although S2 values are not as high for the Texex and Chevron 
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cores, a similar conclusion can be drawn. Furthermore, the average S2/S3 ratio for the 
Texex well is greater than 2.5 (Table 6), suggesting that the intervals are organic-rich, 
and other analyses (Rock-Eval and VR) suggest that this core is gas-prone. This result is 
definitely affected by the high bitumen contents in samples 8 and 10. 
Tmax values < 435°C, indicate that the organic matter is thermally immature, which is 
further supported by vitrinite reflectance (Ro) values of::S 0.43 % Ro. At low levels of 
thermal maturity, vitrinite reflectance measurements tend not to be particularly reliable 
(i.e., Ro values < 0.7% or 0.8%) (Allen and Allen, 1990). It is therefore advisable to 
employ geochemical parameters in conjunction with vitrinite reflectance analysis in order 
to verify results, as has been done in the present study. 
4.3 Palynology 
Terrestrial elements (e.g. phytoclasts) dominate samples in all three wells. Since marine 
palynomorphs were not encountered, all samples reflect a dominant terrestrial influence 
in each well. This dominance agrees with sedimentological observations of fluviatile 
conditions, and indeed peds, in the lower part of the section (e.g., Figure 20). However, 
the Clearwater Fm is a distal marine shale based on trace fossils (Hayes et aI., 2008) and 
geochemistry (Longs taffe, 1993) and some rare dinocysts (S. Stancliffe, pers. com., 
2009). Unexpectedly, palynofacies analyses indicate a dominance of transported 
terrestrial organic material within this distal marine setting. Moreover, the terrestrial-rich 
samples show well preserved delicate plant material and phytoclasts, implying that syn-
and post-depositional oxidation was not a significant factor for samples from the 
Clearwater Fm. Indeed, well preserved spores and pollen grains, phytoclasts, vitrinite 
grains and delicate tissues were evident in nearly all samples throughout the examined 
interval. 
4.4 Fluorescence 
AOM is present in most of the slides and is presumed to be of terrestrial origin because it 
was observed not to fluoresce; it is probably degraded woody material since most of the 
slides are dominated by woody phytoclasts and fragments. In general, the low levels or 
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absence of fluorescence observed in samples analysed is consistent with a dominance of 
terrestrial material. Since all the samples in this study showed little to no fluorescence 
characteristics, it is advisable that filter system D (UV + Violet cube) would be preferable 
to use for stronger fluorescing samples (see Figure 9). 
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Chapter 5 
Summary and Conclusions 
Forty samples from three wells were analyzed to assess the thermal history of the 
Athabasca oil sands deposit using the integration of vitrinite reflectance, fluorescence, 
Rock-Eval pyrolysis, and palynology. Given that the oil sands are close to the present 
surface and have inevitably been influenced by groundwater flow (Bachu and 
Underschultz, 1993; Fowler and Grasby, 2006), there is interest in determining the extent 
to which this influence might be detected by changes in the organic constituents of the 
deposits. Of particular interest is whether the reflectance of vitrinite particles within the 
deposits has been influenced by (partially oxidizing) groundwater flow. VR 
measurements at Brock University were acquired using a new system that uses a CCD 
chip to register reflectance (brightness) as a grey scale image, rather than traditional VR 
systems that use an expensive photomultiplier. The new equipment at Brock University 
was compared to a system at the GSC-Calgary using the same whole-rock samples. The 
results showed consistent results on whole-rock mounts with the exception of sample 
27/09, which is an asphaltine-saturated sandstone. The measurements obtained at Brock 
University are about 0.04-0.09% below those measured at the GSC-Calgary, which is 
considered to be within acceptable limits. 
Vitrinite reflectance of the DOM samples studied show a slight decreasing trend with 
increasing burial depth, possibly exacerbated by the narrow stratigraphic intervals 
examined (i.e. 53-80 m). The small R2 (coefficient of determination) values support the 
contention that these trends are too small to be statistically significant. VR results 
indicate that the deposits are thermally immature, equivalent to between lignite and sub-
bituminous "C" coal in rank and just above the oil window. Because the oil is likely to 
have migrated during maximum burial, this raises the marginal possibility that the source 
of the oil sands have been buried sufficiently to generate thermogenic gas. If so, the 
bitumen in the oil sands may have been subjected to degassing. In addition to possible 
thermogenic gas, evidence of some degradation (likely due to bacterial activity) suggests 
the possibility of biogenic gas generation. Furthermore, differing lithologies influenced 
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vitrinite reflectance to a limited extent, in that coaly zones and zones rich in bitumen 
show slightly higher values than samples having no coal or bitumen stains. Groundwater 
influence and oxidation seem not to have measurably altered vitrinite reflectance, as 
water-wet zones (i.e. Chevron samples 19 and 20) have reflectance values in the same 
ranges as the other zones. 
Palynofacies analyses and geochemical data together point to a terrestrial provenance for 
the organic material, with no marine influence being detected. HI versus 01 plots, for 
example, show the predominance of type III/IV kerogen, and all four palynofacies types 
are abundant in either land-based woody fragments and phytoclasts or AOM which is 
probably also derived from a terrestrial source. The HI versus T max graphs also indicate 
that the sediments are of type III/IV kerogen and immature. Therefore, the formation in 
the study area can be said to be primarily humic/coaly which is rich in vitrinite. 
Individual down-core trends in the three cores vary depending on the parameter being 
analyzed. However, no striking changes take place in any core and the trends do not seem 
to be dependent on depth or lithology. Additionally, due to the nature of the samples, 
fluorescence studies also confirm that the AOM present in these samples is most likely of 
land-based origin, supporting the geochemical evidence. From the results presented, it is 
evident that the samples analyzed are thermally immature, and of low rank, terrestrial-
derived and predominantly gas prone in nature. The presence of delicate material in the 
samples suggests that oxidation does not strongly influence the kerogen in these deposits. 
The lack of fluorescence and abundance of AOM imply some degradation (by bacteria) 
and oxidation, although the degradation of woody material to AOM may well have 
occurred during or prior to deposition. 
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Chapter 6 
Areas of Future Research 
As one of the goals of this research was to conduct inter-laboratory tests on selected 
samples to compare the validity of the results, it would be worthwhile to further this kind 
of comparative work with additional laboratories. For example, testing the CCD chip 
system at Brock University with that at the GSC-Calgary lab (photomultiplier) showed 
small systematic discrepancies that should be investigated in future studies. In order to 
test such systems even further, future work should also look at examining more than just 
five samples (as was done in this study) and perhaps even conduct analysis on a variety 
of rock/sediment types over a range of lithologies. Indeed, much can be done to improve 
and extend inter-laboratory comparisons between labs. One consideration would be to 
create strict protocols to follow while conducting vitrinite reflectance and improve 
standardization between labs to increase reproducibility and precision. Also, expanding 
the range ofVR standards (both at Brock and at the GSC-Calgary) would certainly help 
because it is important to cover a reflectance range that is broader than those of the 
samples themselves but still in the approximate range of the samples. If time had 
permitted, it would certainly have been useful to compare the Brock and GSC-Calgary 
standards using the same microscope system. 
Future research would also benefit from analyzing more cores from a greater geographic 
area or examining multiple cores within the same area. In addition, more samples and 
greater stratigraphic sampling density should be chosen over short cores to provide more 
detail for each core. Since the nature of the samples makes a large difference in terms of 
the type of results one gets, it would be worthwhile to choose zones such as coaly layers 
and highly bioturbated zones that would be likely to hold abundant vitrinite macerals, 
while avoiding bitumen saturated zones. Overall, more samples would help in 
compensating for those samples that provide little to no data and further give more in-
depth data which in tum would aid in providing more realistic results and a bigger picture 
of the trends evident in the different cores throughout the area. 
68 
Another aim of this research was to see whether there is any evidence of groundwater 
influence/oxidation in the samples. By integrating the range of techniques employed in 
this research (i.e., VR, fluorescence, Rock-Eval pyrolysis, and palynology), it was noted 
that partial oxidation and water influences did not show any major impacts/trends in the 
cores analyzed. Since our samples did not show noticeable effects from the above factors, 
it would be interesting to continue work on samples with similar lithologies and perhaps 
at closer spacing where trends/strong signatures would be evident. 
Furthermore, in this study, samples from the marine Clearwater Formation (i.e., samples 
1 and 2 from Chevron Steepbank) are not much different from the terrestrial McMurray 
Formation, despite the latter being more mature. Since VR work was not possible to do 
on these samples, due to the scarcity of vitrinite particles, this comparison is based upon 
Rock-Eval and palynological analyses done as part of this study. Both the Rock-Eval 
parameters as well as the palynology trends for this core show no clear-cut relationships 
as to the cause of the similarity between the marine and the terrestrial formations. As 
such, it would be interesting to investigate the cause of this similarity. Also, the ped unit 
(depth = 236.8m) in this core is a sequence boundary and there are no differences above 
and below this zone. The lack of differences suggests similar conditions persisting 
possibly during syn- and post-deposition. However, future studies should examine 
relationships between different boundary and lithological units and compare their 
similarities and indeed differences. 
Additionally, this research shows for the first time in detail, the rank of the Athabasca oil 
sands in a mining area, from the integrated perspective of vitrinite reflectance, 
fluorescence, Rock-Eval, and palynology. Future studies should also look at expanding 
such thermal maturity studies over wider geographic areas as well as other deposits such 
as Cold Lake and the Peace River deposits of the Alberta region. 
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The Leica QWin User Guide 
This is a step-by-step guide for using Leica's QWin imaging standard program with the Leica 
DM 4000M Research Microscope Workstation for vitrinite reflectance and fluorescence 
microscopy. The Leica imaging sofware package comes with a suite of programs including the 
Leica QWin V3 standard, Leica QGallery, Leica QFab, Leica QForm and the Leica QGo 
programs. Appendix 1 explains only the use of the Leica QWin V3 standard program, as the 
other programs were not used for this project. All steps have been taken to ensure that they are 
complete and correct as per the routine followed by the author. Questions about the other 
programs should be directed to Leica Imaging Systems Ltd.: 
Leica Imaging Systems Ltd 
Clifton Road 
Cambridge 
CB 1 3QH England 
Tel: (44) 1223 411101 
Fax: (44) 1223412526 
Email: ia-support@lis.leica.co.uk 
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1. General User Information and Equipment Details 
1.1 Overview of the equipment 
The Leica DM4000M vitrinite reflectance and fluorescence microscope workstation is thought to 
be the only one of its kind in central Canada, and was purchased by Prof. M.l. Head through an 
NSERC equipment grant. Vitrinite reflectance and fluorescence microscopy have particular 
applications in the field of petroleum geology, although the equipment also has bright-field, dark 
field, and interference contrast illumination, which are of wider applicability in palynology and 
kerogen studies. For information pertaining to using the above features, please refer to the 
operating manual for Leica DM 4000M, located on the shelf above the microscope in Rm MCD 
415. Four objectives are available, namely 5x, 20x, 50x and IOOx, the last two of which can be 
used with oil immersion. Every user of the instrument is expected to acquire a thorough 
knowledge of the system operations and maintenance requirements. 
The Leica DM4000M microscope is equipped with a high-end monochrome digital camera 
(Leica DFC350FX) recording grey scale from a charge coupled device (CCD) chip, 
measured/calibrated using the Leica QWin imaging workstation. The Leica DM4000M includes 
one transmitted reflectance analyzer (left hand side of microscope), two polarizers (polar 
reflectors; one for incident light and one for transmitted light microscopy), and one polar 
transmittance analyzer (for both incident and transmitted light) rotatable at the bottom of the 
microscope. Fluorescence includes two filters: a UV Cube (A) and a Violet Cube (D). Other 
Filters include the DLF: Daylight filter, a blue daylight filter used for photography with daylight 
film (not used in this research project). 
DM4000M microscope with DFC350FX camera Fluorescence Power Box 
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1.2 Left side of microscope 
0 
0 
[2] 
EJ 0 
0 G 
0 G 
0 [!] 
0 
1. Digital camera (DFC350FX) 10. Transmittedlincident light switch 
2. Eyepiece II. Aperture diaphragm operating buttons 
3. Eyepiece tube 12. Brightness adjustment buttons 
4. Eyepiece adjustment handles 13. Focusing wheel with coarse and fine adjustment 
5. Objective turret with objectives 14. Variable function keys 
6. Specimen stage with specimen holder IS. Wheel for adjusting condenser position 
7. Condenser 16. Fluorescence knob 
8. Liquid Crystal Display (LCD) screen 17. Lamp adjustment window 
9. Field diaphragm operating buttons 18. Transmittance reflectance analyzer 
Note: (9) FD has settings 1- 3. Setting 3 was used in the present study. Whichever setting is chosen, maintain this setting 
through all measurements. (11) AP has settings I- Ii. Setting 6 was used in the present study, but whichever setting is chosen, 
maintain this setting through all measurements. (12) INT has settings 1- 20. Setting 15 was used in the present study, but 
whichever setting is chosen, maintain this setting through all measurements. 
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1.3 Right side of microscope 
I 
.1 
19. Lamp housing for incident light 25. DLF light filter switch (not used in present study) 
20. Daylight filter cube (OLF) 26. Variable function keys 
21. Polarizer 27. Focusing wheel 
22. Lamp housing for transmitted light 28. Wheel for adjusting condenser position 
23. Knob for adjusting stage height 29. Motorized filter block exchanger 
24. Transmitted light filter (not used in present study) 30. Knob for moving specimen on stage 
86 
2. Basic Settings for Incident and Transmitted Light Microscopy 
2.1 Turning on the microscope 
Turn on the microscope by using the switch located at the back on the right hand side of the 
microscope (Figure 1). This switch turns on the light source (halogen lamp) as well as uploading 
the LCD (liquid crystal display) screen with the current settings (Figure 2). Note that the QWin 
program will only work if the microscope is switched on. 
Figure 1: Power switch (red circle) located at back right-hand side of microscope 
Figure 2: LCD Screen displaying CUlTent settings of the microscope 
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2.2 XY -Stage 
The stage is set up with one knob that moves the specimen left or right (x-direction) and one 
knob that moves it up or down (y-direction). 
Knob for shifting 
specimen up or down 
(y-direction) 
Knob for shifting 
specimen left or right 
(x-direction) 
Rotation lock for stage 
Figure 3: Adjustment knobs and rotation screw for stage control (red circles) 
If you need to rotate the stage or have the image of the specimen at a specific angle, then open 
the rotation lock by unscrewing it and then rotating the stage by hand (Figure 3). Remember to 
re-screw the lock after use. 
In order to raise or lower the stage (to focus the specimen), tum the adjustment wheel located on 
the left-hand side of the microscope (Figure 4). The large outer wheel is for coarse focusing, and 
the graduated inner wheel for fine focusing under high magnification. Anticlockwise rotation 
raises the stage. 
88 
Figure 4: Focusing wheel moves stage up or down for focusing. 
2.3 Placing the sample 
Stage adjustment 
wheel for 
focusing the 
specimen 
Place the sample (a microscope slide or pellet) on the stage by manually widening and slowly 
releasing the spring-operated object holder (Figure 5). 
Figure 5: Spring holder pulled to place slide or pellet on stage 
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2.4 Objective lenses 
There are four objective lenses mounted on this microscope: 5x, 20x, 50x and 100x. Only the 
50x and 100x objectives can be used with oil immersion (as indicated by a black line around the 
end of each lens). Select an appropriate objective by manually turning the silver rim of the 
objective revolver (Figure 6). 
Figure 6: Objectives and objective revolver 
2.5 Focusing and visual settings 
Focus on the sample by rotating the focusing wheels located on either side of the microscope 
(Figure 7a). Focusing raises or lowers the specimen stage, with the outer wheel (left-hand side of 
microscope only) providing coarse focusing, and the inner one for fine focus adjustment. 
Figure 7a: Fine focus wheel 
90 
Fine focus 
wheel 
Visual settings include adjusting the light seen through the oculars. In order to increase or 
decrease the brightness (as may be necessary when switching between transmitted and incident 
light), adjust the field (FD) and/or aperture (AP) diaphragms by clicking on the buttons on the 
left hand side of the microscope (Figure 7b). See section 1.2 for preferred settings. 
Figure 7b: Function keys for visual settings 
2.6 Eye pieces (oculars) 
While looking through the microscope, use both your hands to adjust the distance between 
oculars until you see a single circular field of view with both eyes (Figure 8). The oculars should 
be focused individually for each eye and with respect to the focus of the cross hairs (+) in the 
right-hand ocular. 
Figure 8: Eye pieces and rims 
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2.7 Filters 
The controls for the filters are located on the right side of the microscope (Figure 9): 
(i) UV Filter - Cube A 
(ii) Violet Filter - Cube D 
In order to use the UV filter, click the FLUO button, and the LCD screen will show "FLUO A" 
as selected. To change to the violet filter, click on the CHANGE FLUO button, and the LCD 
screen will show "FLUO D" as selected. Use the CHANGE FLUO button to toggle between the 
two filters. 
Note: The two switches located on the bottom right-hand side of the microscope (one is labeled 
DLF - or daylight filter, for use with daylight film; the other is unlabelled) are not used in the 
present study. 
Figure 9: Changing filters by clicking on the buttons on the right hand side of microscope to switch 
between filters. 
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2.8 Turning off the microscope 
When you have finished using the microscope: 
(i) Tum off the microscope (power switch in Figure l) 
(ii) Clean the microscope if needed 
(iii) Cover the microscope with the dust cover (Figure lO) 
Figure 10: Covering the microscope 
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3. Leica QWin V3 Standard 
3.1 How to use the Leica QWin V3 Standard 
Begin by turning the orange switch ON at the back right-hand side of the microscope. The QWin 
software will not work unless the microscope is switched on. 
Next, click on the Leica QWin V3 icon on the desktop 
The following screen will load ... 
51 ~ iI)l;a iee ~ ij) fii) 1 ~~ ! 41 ~ u"' ;O f1 !lJ i b . ,.. ~ ~ lt1 !lif W . "". 
:----~-.------.---.. ---------~-------------.---.-----.-----------.--.-.-------.----.--.---~----.---.-----------------------.----.--------
You will notice that the calibration information is written in the blue header above the black 
screen. Current calibration is set at 1 pixel = 0.129 /-lm and although it is set as the standard, it 
may be changed if needed. In order to do so, go to the icons at the top menu bar and click on 
"Configure" and then scroll down to "Calibration" to make any changes. 
Leica QWin Standard 
~ E.ile ~dit [mage ~nary Measure- Q.UIPS ~~~~~~~~~~ 
~,~ l ~ ~~ ~. ~,! lL l ~ I ~~ ~ 
~ 
~ 
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The following dialog box will open ... 
Change the units if needed and press OK. 
Calibration 
Options-------------------, 
r. Local Source: 
r System Units 
P Image File Import/Export 
r Image Database 
I mport/E xport 
OK 
Current calibration: 
0.129 Ilm 
Calibrate .. 
By default, the program is set up to run using a pre-written routine. This routine is called the 
Quips routine. You can access the routine and also make changes to the program as needed. In 
order to do so, click on the icon labeled "QUIPS" at the top menu bar. Then click on Setup Quips 
Routine. 
~ leica QWin Standard 
Eile 
Run Current Routine 
StartQGo 
1 C:\ ... \ReAectance.Q5R 
~ C:\ ... \Quips routine.Q5R 
:1 C:\ ... \Quipsroutine.Q5R 
1. C:\ ... \Quips\Clumps.q5r 
~ C:\ .. . \vitrinite Ol.Q5R 
§. C:\ ... \Import LAS Image with Calibration.Q5R 
In a new window, the following page will load ... 
~ Routme Refiectancc.Q5R 
File Edt "'oMi~ CcntroI lnter.,a Results AdYarlCed OptioN HetI 
Insert I Pause 1 Svmbolie J 131,:·,,1.c:.~; r .. I Delete Modfy 
Roulina Headei; 
Nu.beroffielda: 1 
St/M'ldard Fram.,. 
;-N umbef 01 meds .. m~menh IHn sel 
WEASUREWENTS • 50 
• Size of lDeiUUfemenl sqlRlre (microna) 
TARGET. SIZE ~ 1 
.. Number of reflectance ,tandard. 
STANDARDS . 2 
Repeat 
DLG .FILE$ _ ROUTIHE.PATH$+"'Reflectance.qdg·· 
DLG.NAME$ - "R.fleclance" 
DLG.)( • SCAEEN . ...,IDTH·248 
DLG.Y ~ SCREEN.HEIGHT ·350 
DL6.IMA6EFIL£1$ - ROUTlNE.PATHS+··Roflccl~nce_Logo.bmp" 
Gre ... Calibrate (Refleclance~ Save 10 fiie C:\Oocu"ents" and Selting .. \Q550 JW\.M, Docwnents\TES AppIication't.,.1 _Q5C ] 
Dialog BOll DUi.NAMES. in DLG .FllE$~ at ,. DLB.X, Y DLG.V 
On Comllland3 Call SE T .CAMERA 
On Comnlilnd4 Call CAUDAATE.REFLECTAN 
On ComNond5 Ca11 MEASUREMENT 
Untit (OLG. RET ) 
Goaub QUIT 
~~~~.~_~_!.~!!~M~_~_ .. ____________ . _____ .. ___ . _________ . __ _ 
Setup Quips Running Window (Move 10,. 977. Y 27~ .. 305. h 14~ ) 
Calow T.ansfor_ (Mono Mode ) 
Selm:1 LenS" (HNepiece CODED-NOSEPIECE(6·POS). 100 _. mag c han,g_ 1 • • A",o. 'Wail. J 
DC Twain Configwation (Configlaalion file YES R.,I-1 1 
60s"" GET .lWAGE. SETUP 
GREYCALFILE$ - ROUTlNE.PATHS."C"'fent.q5c·· 
Gfer &alibrate (Reflectance .. Load hOlll file GREYCALFILE$ ) 
GfeJ' Calibrate (Reflectance J 
FALSE ~ 0 
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Here you can make any changes to the routine. Note that by clicking on any pre-written text, the 
sentence will be highlighted blue. To make any modifications, simply double click on this text 
and change it to the new specifications that you may require. In normal operation, including 
research conducted for this thesis, it is not necessary to change any part of the routine. 
On the main screen, you will notice two frames around the black area. These are the "Measure 
Frame" (the blue rectangle) and the "Image Frame" (the red rectangle). The former rectangle 
shows the microscope slide in view whereas the latter is the camera frame. If you need to change 
the settings for either of the frames, you can do so by clicking "Measure" in the top menu bar 
and then click on "Frames ... " and adjust to desired settings. Again, it should not be necessary to 
change these settings during normal operation. 
3.2 Calibrating the Microscope for vitrinite reflectance analyses 
Depending on the number of standards used for your analyses, you will need to calibrate your 
microscope each time when analyzing a new sample. Vitrinite reflectance work is conducted 
using a SOx oil objective under incident light (IL). Immersion oil (Leica Typ N immersion liquid: 
ne 23 = 1.518) is used on each standard for calibration purposes. 
To begin calibrating the microscope, click on "QUIPS", and then scroll down to 
C:\ ... \Reflectance.Q5R. Refer to figure below. 
~ leica QWin Standard 
~ Eile ~dit [mage ~inary r:::1easure r---_L...:~=-o_nfig..::...u_re--=!:e-::rjp=h=era=_Is--=Yi=-in-do-w _-=t!e...;..lp_....., 
~ ~ I ~ ~~ ~~ 
1 c: \ ... \Quips routine. Q5R 
i C:\ ..• \Quips\Clumps.q5r 
§. q ... \vitrinite 01.Q5R 
§. C:\ ... \lmport LAS Image with Calibration.Q5R 
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You will then get the following screen in the bottom right hand comer ... 
~ ~Co;;:;jnt~rolj;:s ========= Camera 
Start Measurement , 
Exit 
Click on the "Camera" button to check the settings. The following dialog boxes will appear 
prompting you to adjust the settings (optional). You will only need to do this step once before 
starting your analyses and don't have to touch the settings thereafter. After adjusting to the 
desired setting, click OK. For the purposes of this thesis research, the default settings were not 
changed. The "Check the Aperture Diaphragm (A) is set to 1.2" command can be disregarded. 
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N ow you will be back at the previous screen. Click on the "Calibrate" button and you should get 
the following screen ... 
• _ S~'*"~ 
• $1.eni:l.wd2 I 
• ~J 
• 
S.t.endaJd4 I 
Enter the number of standards to be acquired (the default setting is currently "2"). Click on 
Standard 1 on the screen. In order to calibrate using your standards, place your standard on the 
microscope, having first carefully cleaned its surface with lens-cleaning tissue before applying 
one drop of oil. Make sure standard 1 is your lowest reflectance standard and standard 2 is higher 
and so on. You will then be prompted to focus the image of your standard. 
Ensure that the SOx oil objective is in position, and that the microscope is set to "IL BF" 
(incident light, bright field) on the LCD display window on the microscope. Adjust the intensity 
(!NT) control to obtain a reasonably bright image when looking through the microscope. For the 
present study, an intensity value of 16 was optimal throughout. 
Using the coarse focus wheel, make sure you just touch the objective lens with the top of the oil 
layer on your standard, and then focus in using the fine focus wheel. Focusing must be exactly on 
the surface, and is accomplished using only the fine-focus wheel. When the surface is in focus , 
minute pits can be discerned on it. It is sometimes difficult to "find" the surface (it goes in and 
out of focus within an interval of about 10 !lm), so it may be necessary to focus first on the edge 
of the standard, and then move inwards, making sure to continuously adjust the fine focus 
control to keep the surface in focus. This exercise is exacting and can be time consuming. 
In order to be certain that you are calibrating the actual surface of the standard and not anyone 
of several "false surfaces" created by lens surfaces (bearing dust) within the microscope, you 
should double check by rotating the stage with the standard. If the surface in view (i.e. indicated 
by tiny black particles) remains stationary, then this is a lens surface and not the surface to 
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~alibrate. If the specks move as the stage is rotated, then you know that the actual surface of the 
standard is being observed, and it is this surface that should be calibrated. The surface, once 
found, is unmistakable as there are 50 or more larger and smaller light (pits and scratches) and 
dark specks within the field of view. See figure below. Once you've focused your standard, click 
"Continue" in the dialog box at the top right hand side. 
Repeat this step for the remaining standards. When finished calibrating all standards, click on the 
"CALIBRATE" icon in the dialog box. The following screen will appear. 
The Stonct.d ~ .e ttDfe4 in hNoel to l.age2 
Select each one in Iwn and d ek the: COIlC'pondiRg MEASURE button. 
fiH in the reflectanc.e valuet in the left colunln.. 
When you hove 'inidled. elicit OK.. 
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Enter the number of standards used in the box provided ("2" for the present study), and their 
respective reflectance values under the title, "Reference value" (0.427 and 0.905 for the present 
study). Remember to enter the values in the same order you calibrated your standards. For 
example, your first calibrated standard was the one with the lowest reflectance, so enter that first. 
Once you have entered the first value, click on the drop-down menu in the same dialog box 
where it reads, "Measured Image" and click on Image 1 for this first standard. Then in the dialog 
box, click "Measure" and you will get a Mean Grey value for that standard. Mean Grey values 
range between 0 and 255 representing dark to light respectively. Repeat this step for standard 2 
but remember to click on Image 2 in the drop-down box and then hit "Measure". And continue to 
repeat this step for all the remaining standards. Refer to figures below for above procedure. For 
example: Standard 1: %Ro = 0.427; Standard 2: %Ro = 0.905 
Standard I 
Calibrate Grey ~ 
# of standards: P--
Reference Mean 
value Grey 
~ I Measure . 55.25 
I???? Measure 
r- Me<isu£e 
r- Me,::t~'.ln:: 
r- Measure 
r- 1·.j-':o$Ufe 
r- Mea~"'fe 
r- Me.3;;ure 
r Calibration on Measured Image 
I Reflectance 3 I lmage1 :3 
Calibrate Save Load I 
OK Cancel Clear I 
Standard 2 
Calibrate Grey L8J 
" of standards: r 
Reference Mean 
value Grey 
10.427 .. MeasU'e 55.25 
10.905 ' I MeasU'e 80.10 
r- Measure 
r- Meas'ure 
r- Me.,wre 
r- t·..je.a$ure 
r- Mea;;ure 
r- t· .. le.;sure 
r Calibration on Measured Image 
I Reflectance ::J I lmage2 3 
Calibrate I~~ 
OK I~~ 
Reflection calibration needs to be set each time you conduct a new sample analysis (the 
microscope bulb will change its light output over the day). Notice the grey level values show a 
sensible progression and that the darkest one is not zero and the lightest one is not 255. 
Calibrate Grey ~ 
II 0/ 'slarodards: rz--
Reference Mean 
yaiue Grey 
10.427 Me:asure 55.25 
10.905 Measure 80.10 
r-
r-
r-
r-' ' ..:".!»r~ 
r- "~"c,,,c' 
r- "''::''''c 
rv Calibration CI'l Measured Image 
IReflec tance ::::I j lmage2 ...::.l 
I ea.brate . I~~ 
~~.~ 
100 
Finally, check the "Calibration on" box and click the "Calibrate" box and press OK. 
Now you have calibrated the microscope system using your standards and are ready to start 
measurements on your samples. 
Start Me1!surement 
E ~it 
3.3 Measuring Samples 
Place the stub on the microscope stage. The stubs in this study had tops and bases that were 
nearly parallel, so resting the stub directly on its base ensured a surface that was essentially 
perpendicular to the axis of the objective lens. However, if this had not been the case, a sample 
press (available in the Brock laboratory) would have been used to mount the samples so that the 
polished surface was level. 
Standard vitrinite reflectance values require a minimum of at least 50 measurements per sample. 
It is important not to make more than two measurements on a single vitrinite particle, because 
this could lead to biased and therefore erroneous results. Furthermore, measurements should be 
made on surfaces that are scratch-free and "clean". Such vitrinite particle surfaces have a 
smooth, grey surface appearance when viewed under the microscope. 
When making any measurements on samples, make sure the particle of interest is in focus on the 
computer screen rather than as seen through the microscope. This is important because you will 
be measuring a small area that is viewed on the computer screen, not the image seen through the 
microscope. This small area is represented by a blue measuring icon (small blue box) in the 
centre of the computer screen (circled below). The size of this box is fixed and therefore cannot 
be changed. And because this blue measuring icon does not precisely align with the cross hairs 
on the microscope, it is necessary to move the particle into its final position for measuring by 
viewing the screen and not looking through the microscope. 
If you make a mistake during the measurements, you can always delete the last measurement 
simply by clicking the "Delete Last" box. Refer to figure below for visual representation. 
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Once you've taken all your measurements for a given sample, you can view all your 
measurement results by clicking the "Display" box or save your results by clicking the "Save" 
box. This will save your results as a text file that can later be imported into a spreadsheet 
program (e.g., Microsoft Excel). Finally, click "Finish" to return to start. 
Display Save 
~ Reflectance... LJ[QI[Xl Save As [1J~ 
File Edit Savein: I I&) My Documents 3 ~ 'f!J d!ill· 0.832 
0.834- rD, ~IYlyMusiC 0.836 r~MY Pictures 
0.828 t¥t'? Recent (OMy Received Files 
0.838 
D,ocuments (ONew Folder 
0.835 (j iQUpdaterS 
0.84-0 Desktop 
0.827 
0.827 :;!J 0.809 j ~l- ~ . 
0.815 My DQ<:umenls 
0.831 
0.831 
0.832 My Computer 
0.832 
0.826 
0.829 
0.832 My Nelwmk Filename: 3 
0.824- Places I 0.830 Save as type: Vtxt :3 
When shutting down at the end of a session, be sure to close down the QW in program before 
switching off the microscope, or assorted error messages will result. 
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Save 
Cancel 
3.4 Fluorescence Work 
1) For fluorescence work, make sure first that the computer is turned off before starting the 
power box. This is to avoid power overload. Tum on the power switch (circled below) on 
the power box. You will hear a beating sound which means that the shutter is turning on. 
2) Make sure the lights in the room are turned off. This will allow for better image viewing 
under the microscope. Tum on the computer and the microscope. 
3) Once the microscope and computer are on, launch the Leica QWin program and manually 
rotate the 100x objective lens (circled below) into position. Note that if you launch the 
Leica QWin program before turning on the microscope, an error message will result. 
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4) Remember to push in the knob (circled below) at the rear of the microscope on the left 
hand side for fluorescence studies. Otherwise, you may just see a black computer screen. 
5) Place the sample (stub or microscope slide) on the stage and switch to the fluorescence 
axis by pushing the FLUO function key on the right hand side of the microscope. 
6) Notice that the display screen shows the current fluorescence filter cube at the top right 
corner (circled below). Filter system D represents the UV + violet cube (355-425 nm) 
and if you click the "CHANGE FLUO" button, you will switch to the second filter: filter 
system A which represents the UV cube (340-380 nm). Since Blue UV light is the most 
widely accepted wavelength for fluorescence microscopy (J. Reyes, pers. com., 2009), 
you should start with the closest match which is filter system D, and switch to filter 
system A as desired (e.g. with weakly fluorescing material, as in the present study). 
7) To observe the sample (stub or slide), place one drop of immersion oil on the spot to be 
examined, raise the stage using the coarse focus wheel until the sample just touches the 
end of the objective lens, then focus on the surface using the fine focus wheel. Having 
brought the image into focus, set the brightness by adjusting the intensity dial on the 
fluorescence power box. A midway setting (3) seems to be adequate for most purposes. 
The brightness of the image can be further adjusted by using the !NT function key 
located on the left side of the microscope's base. 
8) If the computer screen is black (i.e. no image), go to "Image" on the top menu bar, and 
click "Live Image On/Off'. This toggles the screen on and off. See figure below. 
~ Leica QWin Standard 
Image Setup ... 
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9) If the image on the computer screen is too dark, change the exposure setting by clicking 
on "Image" on the top menu bar, then clicking "Image Setup", and modifying the 
exposure setting. 
~ Leica QWin Standard 
~ Eile 
Morphological Transforms ... 
Grey Watershed ... 
LUT Transform ... 
Image Convolute ... 
Image Utility Operations ... 
Image Arithmetic ... 
leica DC Twain Setup (DFC 350 ••. ~ 
l 
. II White Leve I 
_______ 2.000 I 
Black Level 
1.000 
I 
,- Twain-----------l 
r AutoExp I 
Exposure 
J 840.0 ms ! 
G~ I 
J 1.0 x I 
L--.. ______ • ____ • _______ .J 
Scaling Preview 
r Lamp-------- I 
I ' J 99.22 % 
OK Help II Cancel I 
10) To take a photography of the specimen in view, first align the field of view within the red 
Image Frame (outside the blue Measure Frame). Note that the red Image Frame 
sometimes disappears but can be restored by clicking the red square icon beneath the 
image on the screen. Optimize the brightness of the image by clicking on "Image" on the 
top menu bar, and clicking on "Image Setup", and then adjusting the "Exposure". Then, 
to take the photo, click on "Image" on the top menu bar, and then click on "Capture 
Image". This automatically takes the photo. 
~ Leica QWin Standard 
QUIPS 
Image Preview .. . 
Image Frame Image Acquire .. . 
Display Settings ... 
Colour Space Transform ... 
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11) Then click on "File" on the top menu bar, and click "Save As". This causes a Reference 
Data box to appear. Complete the data box and press OK. A new box, "Save As . .. " will 
appear. Save file in the desired folder, and give a name to the file. Click "Save". The 
image is now saved. 
~ Leica QWi n Stan dar d 
Eile ~dit Image §.inary Me. 
New Image Window. . • I 
_. ____ ~_~_n __ ~ __ ~ ___ ~~~~ __ " 
Open ... 
[la, 
~ 1iC:iI ~ Start QGallery .•. 
IfTlBtJe D,3i:abase Import 
~ ImB98 Oat.":lbase L:port 
Print Screen 
Print Setup ... 
Select Printer •.. 
-----------
Load Screen File ... 
A 
~ 
~ 
~ 
a IiiiiII Save Screen File ... ~,~_E_x_it ________________ ~ 
ReferenceDafa ~ 
Specimen Data~ ______ _ 
Experiment 
Itest1 
Preparation 
Specimen 
Keywords 
Analysis Data'--______ _ 
Result 
Observation 
Technologist 
OK Cancel 
Save As... [1J~ 
S ave in: I OJ Desktop 
lil!!I My Documents 
~ My Computer 
rlly Network Places 
~ Eva_603C_thesis 
fCl Imperial oil 
fa Leica QWin 
File name: 
raMartin 
e.r. MSc Research 
fQ Random 
Save as type: TIFF (x.tif) 
Output 
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Info J 
P Auto Preview 
Save 
Cancel 
Help 
r Preview--l 
I r- I L~ 
Trouble Shooting 
Refer to Leica hand manuals for help or use the "HELP" guide in the Leica QWin program. 
leica QWin Standard 
E.ile ~dit !mage ~nary Measure QUIPS ~onfigure eeripherals ~indow 
i ~ ~ ~~ ~~ I IL I ~ I ~~~ ~~ 'J~ l m~ ~--~----~----===---------~ Demo 
Leica QWin User Guide 
Leica QWin Reference Guide 
Leica QGaliery User Guide 
Leica QGo User Guide 
Leica Quips User Guide 
Leica QFab User Guide 
Leica QFFT User Guide 
Application Modules User Guide 
Release Notes 
Leica Technical Guide 
Leica Server Manual 
Leica DFC QuickStart ~1anual 
Leica DFC Acquisition ~lIanual 
About 
For unresolved problems and/or queries regarding the software contact: 
Leica Imaging Systems Ltd 
Clifton Road 
Cambridge 
CBl 3QH England 
Tel: (44) 1223 411101 
Fax: (44) 1223 412526 
Email: ia-support@lis.leica.co.uk 
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Glossary for Functions on Microscope 
BF - Bright Field Incident Light 
BF RL - Bright Field Reflectance 
CHANGE RL - Change Reflectance 
DF - Dark Field Incident Light 
TL - Transmitted Light 
BF TL - Bright Field Transmitted Light 
AP - Aperture Diaphragm 
INT - Light Intensity 
FD - Field Diaphragm 
TL!IL - Toggling between Transmitted Light! Incident Light 
FLUO - Fluorescence 
CHANGE FLUO - Switches through all filter cubes 
DLF - Day Light Filter 
POL - Polarization Incident Light 
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Appendix 2 
Sample descriptions 
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COREl 1O-IS-94-07W 4 TEXEX 
Sample # Pellet # Core # Box# Depth (ft) Description 
spl I N/A I I of 3 570.1' Heavily biolurbaled. uil siained silty SST with carbonaceous malcrial (DELETED) 
spl2 15/09 101'3 500.75' Gray_ mudstone \'lith siltstone swerls. some vertical bUlTOWS 
spl3 16/09 3 501'5 500.9' Finely laminated silty SST with coffee grounds, mica twig 
spl4 17/09 4 20f3 548.1 ' Same as spl 3 
spl5 18/09 4 301'3 557.4' Gray. slIndy si ltstone· '! Dis11Iptcd 
spl6 19109 lof5 563.75' Fake gray mudstone (tlakcy) laminated \\'ith a brown t\vig/(hin oil stud sandstone lamina above - plano 
spl7 22/09 20f5 573.25' Gray si lty SST organic mudslone 
spl8 75109 20f5 573.75' Bitumen siained SST 
spl9 25/09 201'3 633.4' Brown coal in bitumen satl1f<ltl..!d SST - fIii.lblc 
spllO 76/09 201'5 633.9' Coa ly laminated ill bitumen saturatt:d SST 
spl II 28/09 30f5 637.7' Coaly laminated in bilumen saluraled SST (small ""nplc only TOC) 
spl 12 N/A N/A N/A N/A NOT SAMPLED 
spl 13 29/09 9 40f5 661.75' Pyoile lieh black eoall shiny 
spl 14 30/09, 31 /09 10 lof5 669.75' Slighi ly redlblack dull coal wilh while flecks and cleals (cracks) 
spl 15 32/09, 33/09 10 l of5 669.95' Brown coal \vith white speckled coaly SST with twig h:af impn.:ssions 
spl16 78/09 II 401'5 702' Possibly a Iree trunk. friable. bnmnlblack dull. silling wi lhin oi l salllraled SST 
CORE 2 t 0-20-94-07W 4 CHEVRON 
Sample # Pellet # Core # Box# Depth (m) Description 
spl I 36/09, 37/09 3 20f2 176.6m \Vabiskaw member Clcarw<1tcr Fm. Dark grJy laminated shallJ with silty stringers 
spl2 38/09 4 lof2 178.4m Wabiskaw biolurbaled. mUddy. SST. oi l sraincd 
spl3 39/09 5 I of I 179.30m finely laminaled oil sra incd SST 
spl4 40/09 \0 I of I 186.0m Cross-bedded oi l sa turated SST \\'ith organic Inaccrals. poorly cllnsolidatcJ 
spl5 4 1109 II 20f2 187.2m Bitumen saluraled SST (cross-bedded) 
sp\6 42/09 14 lof2 191.6m finely hnnimucd organic rich bitumen sHlincu SST 
spl7 43/09 14 20f2 193.lm Fine grained SST wilh ripplcs 
sp\8 44/09 18 lof2 199.8m Bitumen saturated fine f,rraincu SST 
spl9 45/09 18 lof2 200.5m Medium bitutTIL!11 satur<lt l.!d SST 
spllO 46/09 26 lof2 219.9m Friable ON!'! Ash - hi ghly reflective organics ..., 2 cm thick. tnu:cs ufsulfuL High hituminous SST unit above :v1CMSB600 unit 
spl II 47/09 30 I of I 227.2m Leaf littl.!l" style coaly mudstone. very friable separated by oil sa turart:d SSTs 
spl12 48/09 30 I of I 228.4m Sample with mk-a in organic rich kaf Iittt.:r styk mudstone 
Sp\ 13 49109, 50/09 32 lof2 232.3m Bl ack coal. sub-shiny. blocky. I'IIbbly 
sp\ 14 51/09, 52/09 32 20f2 233.lm :vIassivc coal. somewhat friable. poly-shiny 
spl 15 53/09 34 20f2 236m Gray SST - ash bed'! bel,,"een denuded oil salurated SST 
spl16 54/09, 55/09 34 20f2 236.4m Shiny/dull Imninatt.:d coa l with distinct \\'hite spc("ks 
spl17 56/09 34 20f2 236.8m Brown/gray ped. organic striations. not tou moty 
spl 18 57/09 38 lof 2 241.55m Brown 'black coal \\.'ith some organic clasts. ligh t (not heavy). Dil't.:ctly abuve watcr\\'ct SST unit 
spl19 58/09 38 l of2 241.9m Organic rkh Illudstone grading to SST. water wet. finel y lam SST with Cambonaccolls material & O~1. Some mica. water wet 
spl20 59109 44 101'2 246.62m Water WI.:t SST. cuarse grained \\-'ith dark brown carbonaceuus material 
spl21 60/09 N/A N/A 256.3m NIA 
CORE 3 I 0-25-94-07W 4 SUNCOR 
Sample # Pellet # Core # Box# Depth (m) Description 
spl I 61109 2 20f2 229.2m Light !,rray mudstone \vith routs (coalitied). black interspersed. Tnll.;C:s of sulfur pn:scllt in roots. fl.:tn.: strial origin 
sp12 62/09 18 20f2 272.7m \1\!d-to-cuarsc gmined bitumen sand stained. overlying pebble lilg - 25 -30 em 
spl3 63/09,64/09 21 20f2 282.3m Black coal - - O.2m bcd. Sulfur laminae above & traC i:S around 
spl4 65109, 66/09 21 20f2 282.8m Black coal with dn.:lc of yellow stained pytitc n()dul~ conliml~d t1'<l," abo\'c coal. H<.Ir<.l- gds tTiablc <lfrcr \vith sulfur stilin 
Note: Sample 12 from the Texex Steepbank core was replaced by sample 16 in the same core. 
Depths point to where each core sample was collected from respectively. 
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Treatments for palynological samples 
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TEXEX STEEPBANK 
Pellet no. Depth (m) CLASTIC EXTRACTED COAL Treatment 
20/09 173.77 Yes No HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
15/09 152.63 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
16/09 152.67 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
17/09 167.06 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
18/09 169.90 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
19/09 171.83 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
22/09 174.73 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
75/09 174.88 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
25/09 193.06 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
76/09 193.21 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
28/09 194.37 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
29/09 213.97 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
30/09 201.70 Yes 6min hot Schl ZB I 3 min hot JI sieve out +1501-10-UN sl 
32/09 204.14 Yes 4min hot Schl ZB I 3 min hot JI sieve out +lS01-10-UN sl 
78/09 204.20 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
CHEVRON STEEP BANK 
Pellet no. Depth (m) CLASTIC EXTRACTED COAL Treatment 
36/09 176.60 Yes No HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
39/09 179.30 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
41/09 187.20 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
42/09 191.60 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
43/09 193.10 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
44/09 199.80 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
45/09 200.50 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
46/09 219.90 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
47/09 227.20 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
48/09 228.40 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
49/09 232.30 Yes Smin hot Schl ZB I 3 min hotJl sieve out +lS01 -10-UN sl 
51/09 233.10 Yes Smin hot Schl ZB I 3 min hotJl sieve out +lS01 -10-UN sl 
53/09 236.00 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
54/09 236.40 Yes 4min hot Schl ZB I 3 min hot JI sieve out +1501 -10-UN sl 
57/09 241.55 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
59/09 246.62 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
38/09 178.40 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
40/09 186.00 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
56/09 236.80 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
58/09 241.90 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
60/09 256.30 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
SUNCOR FIREBAG 
Pellet no. Depth (m) CLASTIC EXTRACTED COAL Treatment 
61/09 229.20 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
62/09 272.70 Yes Yes HCL-HF-HCL-ZB-sieve out +1501 -10-K slide (no heat) 
63/09 282.30 Yes Smin hot Schl ZB I 3 min hotJl sieve out +1501-10-UN sl 
65/09 282.80 Yes Smin hot Schl ZB I 3 min hotJl sieve out +lS01 -10-UN sl 
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Appendix 4 
Vitrinite reflectance results 
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----_. , .- .-
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---'--_. ~ - .•. -.-... -•. - ... -•. ' ... .. ~ -- - - .- ~ .- -_ .•.. _. 
--
-'"._" . . ---.. _--_.- _.--- --_ .... 
j Well # Sample # Sample Depth (m) Mean '¥oRo No. of readings Minimum '¥oRo Maximum '¥oRo Std Dey 
! 10-18-094-07W4 15/09 152.63 N/A N/A N/A N/A N/A 
-1 10-18-094-07W4 16/09 152 .67 0.353 9 0.297 0.422 0.042 
! 10-18-094-07W4 17/09 167.06 0.41 50 0.371 0.475 0.029 
! 1 0-18-094-07W4 18/09 169 .90 0.328 50 0.279 0.372 0 .024 
i 1 0-18-094-07W4 19/09 171.83 0 .293 20 0.213 0.385 0.045 
i 1 0-18-094-07W4 22/09 174.73 0.289 25 0 .231 0.376 0.052 
110-18-094-07W4 75/09 174.88 0.270 50 0.203 0.356 0.042 
110-18-094-07W4 25/09 193 .06 0.26 50 0 . 17 0 .304 0.034 
: 10-18-094-07W4 76/09 193.21 0.261 50 0.19 0.395 0.049 
j 10-18-094-07W4 28/09 194.37 0.333 21 0.243 0.401 0.041 
110-18-094-07W4 29/09 201.70 0.321 50 0.281 0.386 0.028 
110-18-094-07W4 30/09, 31/09 204.14 0.427 10 0.346 0.504 0.052 i 1 0-18-094-07W4 32/09, 33/09 204.20 0.334 50 0.252 0.388 0.035 
! 1 0-18-094-07W4 78/09 213.97 0.275 50 0.207 0.353 0.043 
I , 1 i 
--~,~ - . 
! I 
---- -
__ T ~ 
-
-------.--
- -----r---·-- .---- .- --- -- - ... ~ -- .~-
1 Well # Sample # i Sample Depth (m) I Mean '¥oRo No. of readings ! Minimum '¥oRo i Maximum '¥oRo Std Dey ! 
: 10-20-094-07W4 36/09, 37/09 176 .60 N/A N/.6. N/A N/A N/A 
1O-20-094-07W4 38/09 178.40 N/A N/A N/A N/A N/A 
1O-20-094-07W4 39/09 179.30 N/A N/A N/A N/A N/A 
1O-20-094-07W4 40/09 186.00 N/A N/A N/A N/A N/A 
1O-20-094-07W4 41/09 187.20 N/A N/A N/A N/.6. N/ A 
: 10-20-094-07W4 42/09 191.60 N/A N/A N/A N/A N/A 
i 1O-20-094-07W4 43/09 193.10 N/A N/A N/A N/A N/A 
i 1O-20-094-07W4 44/09 199.80 0.334 50 0.282 0.397 0.032 
, 10-20-094-07W4 45/09 200.50 N/A N/A N/A N/A N/A 
: 10-20-094-07W4 46/09 219.90 0.274 15 0.233 0.317 0.027 
i 10-20-094-07W4 47/09 227 .20 0.323 50 0.201 0.444 0.048 
: 1O-20-094-07W4 48/09 228.40 0.292 50 0 .252 0.329 0.022 
i10-20-094-07W4 49/09, 50/09 232 .30 N/A N/A N/A N/A N/A 
: 10-20-094-07W4 51/09, 52/09 233.10 0.397 50 0.326 0.474 0.037 
; 10-20-094-07W4 53/09 236.00 N/A N/A N/A N/A N/A 
: 10-20-094-07W4 54/09, 55/09 236.40 0.324 50 0.264 0.388 0.023 
i 10-20-094-07W4 56/09 236.80 N/.6. N/A N/A N/A N/A 
110-20-094-07W4 57/09 241.55 0.323 50 0.278 0.389 0.022 
110-20-094-07W4 58/09 241.90 0.213 15 0.167 0.266 0.034 
i 1O-20-094-07W4 59/09 246.62 0.319 50 0.23 0.396 0.038 
j 1O-20-094-07W4 60/09 256.30 0.264 23 0.203 0.396 0.048 
- !. t : I - .- ~ 
- - - -
~ - ,-
_. 
i Well # Sample # Sample Depth (m) Mean '¥oRo ' No. of readings Minimum '¥oRo , Maximum '¥oRo i Std Dey 
, 10-25-094-07W4 61/09 229.20 0.260 15 0.19 0.332 0.039 
' 10-25-094-07W4 62/09 272.70 N/A N/A N/A N/A N/A 
1O-25-094-07W4 63/09, 64/09 282 .30 0.311 50 0.252 0.363 0.027 
; 1O-25-094-07W4 65/09, 66/09 282.80 0.258 30 0.196 0.313 0.032 
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Frequency histograms based on vitrinite measurements 
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Reading the Histograms 
The Frequency reported for each sample represents the number of measurements that fell below 
the specified Bin Values. "Bin Values" refer to vitrinite reflectance (%Ro) measurements taken 
in each pellet and represent all the VR measurements less than Bin Value specified. For example: 
For pellet 16109, there were no VR measurements below a Bin Value of 0.25 , only one 
measurement below a Bin Value of 0.30, three measurements below 0.35 and so on. Vitrinite 
reflectance work was done at the Brock University laboratory by the author. 
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Chevron Steepbank (lO-20-94-07W4) 
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Appendix 6 
Rock -Eval results 
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- J 
."" .. ---.. -.. ---.---.--- .. ---_. .---. ---' .. --.-... -.. ---•.. -.. -- .------... .... ----.--- -,- . ... .---- ' " ....... -.-- .'--
Well no. Sample no. Depth (m) S1 S2 S3 Tmax HI 01 PI TOe S2/S3 
1 0-18-094-07W 4 1 152.63 0.02 0.37 0.35 425 92 88 0.04 0.40 1.06 
110-18-094-07W4 2 152.67 0.04 1.46 1.39 431 68 65 0.03 2.14 1.05 
10-18-094-07W4 3 167.06 0.50 7.02 10.84 425 59 92 0.07 11.80 0.65 
10-18-094-07W4 4 169.90 0.54 7.45 11.89 425 59 94 0.07 12.61 0.63 
10-18-094-07W 4 5 171.83 0.04 1.47 2.40 430 72 118 0.02 2.03 0.61 
1 0-18-094-07W 4 6 173.77 5.63 9.46 3.84 420 175 71 0.37 5.40 2.46 
10-18-094-07W4 7 174.73 0.04 2.25 1.71 430 106 80 0.02 2.13 '1.32 
10-18-094-07W4 8 174.88 35.19 63.40 1.28 421 575 12 0.36 11.02 49.53 
10-18-094-07W4 9 193.06 0.96 10.80 '19.63 416 56 102 0.08 19.27 0.55 
10-18-094-07W4 10 193.21 21.38 58.23 4.53 417 392 31 0.27 14.85 12.85 
110-18-094-07W4 11 194.37 0.26 6.34 2.77 418 132 58 0.04 4.81 2.29 
110-18-094-07W4 13 201.70 2.50 25.62 14.80 403 80 46 0.07 31.91 1.73 
1 0-18-094-07W 4 '14 204.14 3.31 42.56 16.69 421 76 30 0.05 55.92 2.55 
'1 0-18-094-07W 4 15 204.20 3.31 63.02 32.25 413 122 62 0.09 51.83 1.95 
10-18-094-07W4 16 213.97 3.84 38.56 13.27 416 176 61 0.09 21.87 2.91 
I Average 5.17 22.53 9.1 8 420.73 149.33 67.33 0.11 16.53 5.48 I 
Well no. Sample no. Depth (m) S1 S2 S3 Tmax HI 01 PI TOe S2/S3 
10-20-094-07W4 1 176.60 0.84 4.21 2.07 429 88 43 0.17 4.76 2.03 
10-20-094-07W4 2 178.40 0.04 0.99 0.86 429 61 53 0.04 1.62 1.15 
10-20-094-07W4 3 179.30 0.05 0.67 0.60 426 41 36 0.07 1.65 1.12 
10-20-094-07W4 4 186.00 0.01 0.05 0.18 416 83 300 0.11 0.06 0.28 
110-20-094-07W 4 5 187.20 0.00 0.03 0.11 423 '100 367 0.14 0.03 0.27 
10-20-094-07W 4 6 191 .60 0.01 0.14 0.24 424 70 120 0.07 0.20 0.58 
10-20-094-07W4 7 193.10 0.01 0.20 0.29 423 69 '100 0.06 0.29 0.69 
10-20-094-07\N4 8 199.80 0.04 0.90 0.80 425 87 78 0.04 1.03 1.13 
1 0-20-094-07W 4 9 200.50 0.01 0.06 0.12 417 100 200 0.11 0.06 0.50 
10-20-094-07W4 10 219.90 1.82 14.96 26.14 416 40 69 0.11 37.83 0.57 
10-20-094-07W4 11 227.20 0.22 3.57 3.07 413 68 58 0.06 5.27 1.16 
10-20-094-07W4 12 228.40 0.61 7.37 7.41 414 51 51 0.08 14.46 0.99 
1 0-20-094-07W 4 13 232.30 1.06 7.65 15.19 420 15 30 0.12 51.00 0.50 
10-20-094-07W4 14 233. 10 1.42 75.78 29.74 419 132 52 0.02 57.41 2.55 
10-20-094-07W 4 15 236.00 0.17 8.66 2.05 420 125 30 0.02 6.93 4.22 
! 10-20-094-07W 4 16 236.40 1.49 60.79 24.71 415 120 49 0.02 50.73 2.46 
10-20-094-07W4 17 236.80 0.02 0.13 0.38 420 13 37 0.11 1.03 0.34 
10-20-094-07W4 18 241.55 1.34 63.00 13.46 414 207 44 0.02 30.41 4.68 
10-20-094-07W4 19 241.90 0.13 8.14 1.57 422 162 31 0.02 5.04 5.18 
10-20-094-07\N4 20 246.62 0.38 10.04 4.37 422 117 51 0.04 8.60 2.30 
10-20-094-07W4 21 256.30 0.14 1.70 1.57 412 66 61 0.08 2.56 1.08 
Average 0.47 12.81 6.43 419.95 86.43 88.57 0.07 13.38 1.61 
Well no. Sample no. Depth (m) S1 S2 S3 Tmax HI 01 PI TOe S2/S3 
10-25-094-07W4 1 229.20 0.02 0.27 0.90 430 27 89 0.07 1.01 0.30 
10-25-094-07W4 2 272.70 0.01 0.05 0.20 389 125 500 0.10 0.04 0.25 
10-25-094-07W4 3 282.30 4.71 56.55 12.99 409 119 27 0.08 47.69 4.35 
110-25-094-07W4 4 282.80 4.38 64.10 11 .72 409 127 23 0.06 50.52 5.47 
! Average 2.28 30.24 6.45 409.25 99.50 159.75 0.08 24.82 2.59 
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HI and 01 Plots (van Krevelen diagrams) 
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Well # HI 01 
10-18-094-07W4 92 88 
1 0-18-094-07W 4 68 65 
1 0-18-094-07W 4 59 92 
1 0-18-094-07W 4 59 94 
1 0-18-094-07W 4 72 118 
1 0-18-094-07W 4 175 71 
1 0-18-094-07W 4 106 80 
1 0-18-094-07W 4 575 12 
1 0-18-094-07W 4 56 102 
1 0-18-094-07W 4 392 31 
1 0-18-094-07W 4 132 58 
1 0-18-094-07W 4 80 46 
10-18-094-07W4 76 30 
1 0-18-094-07W 4 122 62 
10-18-094-07W4 176 61 
Well # HI 01 
1 0-20-094-07W 4 88 43 
1 0-20-094-07W 4 61 53 
1 0-20-094-07W 4 41 36 
1 0-20-094-07W 4 83 300 ! 
1 0-20-094-07W 4 100 367 
1 0-20-094-07W 4 70 120 
1 0-20-094-07W 4 69 100 
1 0-20-094-07W 4 87 78 
1 0-20-094-07W 4 100 200 
1 0-20-094-07W 4 40 69 
1 0-20-094-07W 4 68 58 
1 0-20-094-07W 4 51 51 
1 0-20-094-07W 4 15 30 
1 0-20-094-07W 4 132 52 
1 0-20-094-07W 4 125 30 
1 0-20-094-07W 4 120 49 
1 0-20-094-07W 4 13 37 
1 0-20-094-07W 4 207 44 
1 0-20-094-07W 4 162 31 
1 0-20-094-07W 4 117 51 
1 0-20-094-07W 4 66 61 
Well # HI 01 
1 0-25-094-07W 4 27 89 
1 0-25-094-07W 4 125 500 
1 0-25-094-07W 4 119 27 
1 0-25-094-07W 4 127 23 
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Appendix 8 
Tmax and HI Plots 
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. I 
Well no. Tmax HI 
1 0-18-094-07W 4 425 92 
1 0-18-094-07W 4 431 68 
10-18-094-07W4 425 59 
1 0-18-094-07W 4 425 59 
1 0-1 8-094-07W 4 430 72 
1 0-18-094-07W 4 420 175 
1 0-18-094-07W 4 430 106 
1 0-18-094-07W 4 421 575 
1 0-18-094-07W 4 416 56 
1 0-18-094-07W 4 417 392 
1 0-18-094-07W 4 418 132 
1 0-18-094-07W 4 403 80 
1 0-18-094-07W 4 421 76 
1 0-18-094-07W 4 413 122 
1 0-18-094-07W 4 416 176 
Well no. Tmax HI 
1 0-20-094-07W 4 429 88 
1 0-20-094-07W 4 429 61 
1 0-20-094-07W 4 426 41 
1 0-20-094-07W 4 416 83 
1 0-20-094-07W 4 423 100 
1 0-20-094-07W 4 424 70 
1 0-20-094-07W 4 423 69 
1 0-20-094-07W 4 425 87 
1 0-20-094-07W 4 417 100 
1 0-20-094-07W 4 416 40 
1 0-20-094-07W 4 413 68 
1 0-20-094-07W 4 414 51 
1 0-20-094-07W 4 420 15 
1 0-20-094-07W 4 419 132 
1 0-20-094-07W 4 420 125 
10-20-094-07W4 415 120 
1 0-20-094-07W 4 420 13 
1 0-20-094-07W 4 414 207 
1 0-20-094-07W 4 422 162 
1 0-20-094-07W 4 422 117 
1 0-20-094-07W 4 412 66 
Well no. Tmax HI 
1 0-25-094-07W 4 430 27 
1 0-25-094-07W 4 389 125 
1 0-25-094-07W 4 409 119 
1 0-25-094-07W 4 409 127 
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Fluorescence results 
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Oil stained Vitrinite (V), fracture filling fluorescing soluble oil (oil), and 
weak fluorescing oil saturated Oelinite (0) 
Vitrinite (V), weak fluorescing Sporinite (S), and Corpogelinite (Co) 
Pyrite (Py) and Inertinite (I) 
Vitrinite (V), Fluorescing Subertinite (Su) and Corpogelinite (Co) 
Images by: K. Sihra, Brock University - Left (white light), Right (fluorescent light) 
Note: Images under fluorescent light appear dark as they are not altered and represent the image 
viewed on the computer screen when the shot was taken. 
Identification by: J. Reyes, OSC-Calgary 
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Linearity test 
I 
I 
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The linearity test was designed to evaluate the response of the camera installed in the equipment. 
The Leica Type DFC 350 FX camera used in the setup is a monochrome camera measuring grey 
scale from a CCD (Charge Coupled Device) chip. This camera uses the Sony ICX-285 grade 
zero sensor which like other major sensor suppliers (e.g. Kodak) claim linear response over the 
entire dynamic range. This linearity test was conducted to confirm the response of the sensor in 
this setup. 
The linearity test was designed by standardizing the amount of light coming through the 
microscope and incrementally increasing the exposure time going from black to white. 
Following this, the average intensity value [mean grey] was plotted on the y-axis against time on 
the x-axis. 
Following are the step-by-step instructions with regards to the procedure undertaken for this 
testing: 
1) Tum on the microscope and open the Leica QWin program on the desktop 
2) Click on the Image set up icon located on the top menu bar 
Leica QWin Standard 
Eile ~dit Image ~nary [jeasure QUIPS ~onfigure ~eripherals :tljndow tielp 
~ ~ ~~ ~~ I IL I ~ ~~ ~ I ~~ ~J ~ l g~& ~ . I ~ riill) l ~ .~ ~ : [! . 
~ LeicaQWinMono ImageO: 1 pixel=O.129Ilm,Zoom:O.66x _ 
3) The following box will open ... 
Leica DC Twain Setup (Dfe 35... ~ ', 
r------l 
! Black Level While Levell 
! 0.01 • I 0 05 I 
t ____________ ~._"_~ __ J 
,un' 
r AutoE~p 
E~posure 
--JI------
Gain 
j}-------
6.2 ms 
1.0 ~ 
Scaiing Preview 
I . OK Help Cancel 
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" rB1 .. :: ... ~
7W -~ m 
The grey box gives the exposure time and the gain of each image. For this test, the gain 
should be left untouched and only the exposure time should be increased incrementally 
(in ms). In order to change the exposure time, you must uncheck the automatic exposure 
(Auto Exp) box first. So, set the exposure time now at your desired starting point. The 
exposure time setting runs from 15 JlS (microseconds) to 575.6 s (seconds) at the 
maXImum. 
4) Place the pellet to be tested for linearity and bring the image into focus. See image below 
as an example. 
l elCd QWIn Standard 
5) Once you have the image in focus, you then have to first capture the image by clicking on 
"Image" and then "Capture Image". This way it stores the image into the system and you 
can then retrieve any data that you require. 
6) Next, click the "Measure" link on the menu bar and scroll down and click "Measure 
Grey" 
ti! leica QWin Standard 
@ Ejle !;,dit Image §inary 
~--~~~~-~~ ~,,~ I ~ ~~ ~~ l lDl 
~ Interactive ... 
~ Measure Field .. . 
.g Field Histogram .. . 
Measure Grey ••• 
Measure Profile ... 
Measure Feature ..• 
Feature Accept •.. 
Feature Expression .. . 
Feature Histogram .. . 
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7) The following grey dialog box will open 
• Measure Grey ~ 
Pixels measured 0 
Sum of Grey 0 
Mean Grey 0 
Std Deviation 0 
Max Grey 0 
Min Grey 0 
Median Grey 0 
Mode 0 
MEASURE Params 
OK I Calibrate .. 1 
Mask by Binary image r 
Grey Image Mask 
8) Click the "MEASURE" button in this dialog box and you will get the following dialog 
boxes with the results in separate dialog boxes 
9) The Measure Grey dialog box gives a series of output results including: The Pixels 
measured, Sum of Grey, Mean Grey, Std Deviation, Max Grey, Min Grey, Median Grey 
and Mode. The Mean Grey is the value you want to keep track off for your linearity 
graph. Along with this information, the results displayed on the bottom dialog boxes 
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·', i 
show the number of readings taken and the resulting mean Reflectance (i.e. Mean Grey 
value) as well as a histogram. 
10) The key to doing the linearity test is to measure the same spot each time you increase the 
exposure time. For consistency purposes, try to increase the exposure time systematically 
(i.e. at the same value each time). So, if you decide to test the linearity every 30-40 ms 
(milliseconds) then do so for the entire range. 
11) Now once again, to take the second reading, increase the exposure time again by clicking 
on the image setup icon and changing the time. Then capture the image and finally take a 
measurement of the grey reading. 
Note: If you notice that the mean grey value is not increasing with increasing exposure time, 
you may be forgetting to capture the image first. Therefore, make sure you capture the image 
each time you take a mean grey reading otherwise, it will keep reading the same reflectance 
value in the dialog boxes below. 
12) Once you taken a satisfactory number of readings or gone to through the entire range of 
exposure times (JlS - microseconds to s - seconds), then you can create a graph of the data 
to show the changes in mean grey against exposure times. 
13) Additionally, in order to erase the data captured as stored from each image, simply click 
on the file menu in the bottom grey dialog box and click "Purge data". This will erase all 
the data stored and create an empty template again. See the image below details. 
Purge Data 
5 71.34 
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Mean 
Time(ms) grey 
20 18.04 
50 30.15 
80 38.75 
110 46.33 
140 53.01 
170 59.09 
200 64.75 
230 70.11 
260 75.17 
290 80.03 
310 83.14 
350 89.12 
390 94.8 
430 100.24 
470 105.49 
510 110.55 
540 114.26 
570 117.87 
600 121.4 
630 124.87 
660 128.26 
690 131.56 
720 134.76 
760 138.86 
800 142.65 
840 146.28 
880 149.76 
920 153.13 
970 157.21 
Linearity Test Results for Leica QWin 
Test over range between 20 ms and 970 ms 
180 -.~-------------------------
160 
140 
no 
>. 100 Q) 
I-
b..O 
c 
80 
ro bU Q) 
~ 40 
20 
0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N 00 
""" 
0 \.0 M en r-- <j' 0 \.0 N 0 00 
'" M N N tv) tv) <::j- LI) \.0 \.0 
,..... IX) 00 m 
Time (ms) 
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y = 4.6377x + 29 .733 
R2 = 0.982 
", 
I 
. ! 
Standard Results for Spinel, YAG and GGG 
2 
1.8 
Stds 
Spinel 
YAG 
GGG 
Mean grey 
50.3 
73.19 
104.84 
%Ro 
0.427 
0.905 
1.72 
1.6 +--------------------",f¥'-- --
I 
1.4 -t--
i 
1.2 +------------~1iIfIC- -----
1 + 
I 
0 .8 +----------r:.~---------
0.6 -+------~'-----------------
0.4 +-----~-------
0.2 +--.------------- ----- -
o -+-------~-----~---.----~ 
50.3 73.19 
Mean grey 
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104.84 
y = 0.6465x ~ 0 .2757 
R2 = 0_9779 
. i 
Appendix 11 
Well Information 
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Well Name Texex Steepbank Chevron Steepbank Suncor Firebag 
Well No. 1 0-18-94-07W 4 1 0-20-94-07W 4 1 0-25-094-07W 4 
Borehole Coordinates 
S610.1 W606.8 S603.6 W798.8 S598.5 W563.1 (m) 
Latitude 57.16° 57.17° 57.19° 
Longitude -111.12° -111.09° -110.98° 
Kelly Bushing (m) 464.5 502.2 556 
Ground Elevation (m) 463 500.5 554.5 
True Vertical Depth 
219.2 272.5 315 (m) 
No. of Samples 15 21 4 
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Appendix 12 
Rock-Eval Pyrograms 
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Rock-Eval Pyrograms - explanation of the curves 
The coloured curves on the programs represent pyrolysis product evolution received at the 
detector. The blue line represents the temperature in the oven whereas the red and green lines 
indicate change from the S 1 phase of experiment, when the oven is held at 300°C and the 
beginning of the S2 phase, when the oven temperature is increased progressively between 300°C 
and 650°C. Rock-Eval analysis was conducted by the GSC lab in Calgary. 
Texex Steepbank (lO-18-094-07W4) 
For all pyrograms, Temperature in °c - top axis, Time in minutes - bottom axis) 
Depth = 152.63 m Depth = 152.67 m 
~-----------------------ffiOI----~ r-------------------------650-----, 
300 300 
2.5 
2.0 
1.5 
1.0 
0.5 
I 
~ 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
Depth = 167.06 m Depth = 169.90 m 
r-------------------------650·-----, 
300 
r-------------------------S50,---, 
300 
10.0 
I 
:: I 
12.5 
10.0 
! I I \ I 
"\j} 2.5 
2.5 5.0 7.5 10.0 12.5 15,0 17.5 20.min 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
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Depth = 171.83 m Depth = 173.77 m 
50 650 
300 300 
45 
3_0 
\ 40 
2.5 \ 
\ 30 
2.0 ~ 25 
1-5 20 
~~ 
1.0 
10 
0_5 
2.5 5_0 7.5 10.0 12_5 15.0 17.5 2D.min 
2.5 5.0 75 H).I} 12.5 15_0 17.5 2O.min 
Depth = 174.33 m Depth = 174.88 m 
650 650 
300 300 
2_5 5.0 7.5 Hl_O 12.5 15.0 17.5 20.min 2.5 5_0 7_5 10.0 12.5 15_0 17.5 2o.min 
Depth = 193.06 m Depth = 193.21 m 
-50 650 
300 
'C 300 
2.5 5.0 7.5 "to 12.S 15_0 17.5 20.min 2.5 5.0 7.5 10.0 12.5 15.0 11-5 20.min 
140 
Depth = 194.37 m Depth = 201.70 m 
650 650 
300 300 
f2.5 
12.5 
fO.O 
fO.O 
7.5 
7.5 
5.0 
5.0 
2.5 2.5 
2.5 5.0 7.5 10.1} 12.5 15.0 17.5 20.min 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
Depth = 204.14 m Depth = 204.20 m 
,------------------650-----, ,------------------'650-----, 
300 
2.5 50 7.5 10.0 12.5 15.0 17.5 20min 2.5 5.0 7.5 10.0 12.5 15.0 17 .5 20mln 
Depth = 213.97 m 
650 
300 
15.0 
12.5 
10.0 
7.5 
5.0 
2.5 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
141 
Chevron Steepbank (lO-20-094-07W4) 
Depth = 176.60 rn 
,-------------------1650------, 
300 
10.0 
7.5 
~.--...... 
---- " "", ~ ~,~ 
I t 
~~ 
5.0 
2.5 
I 
' f·j · 
---------. 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20min 
Depth = 179.30 rn 
r------------------~O-----___, 
300 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20min 
Depth = 187.20 rn 
.-------------------650--------, 
300 
0.09 
0.08 
0,07 
0.06 
0.05 . I . 
---"-- '-1:' 
~. 
- ---
0.04 " 
0.03-+-- -;'--
0.02 
0.01 
2.5 5.0 7.5 10.0 12.5 15..0 17.5 20.min 
Depth = 178.40 rn 
r------------------'650--------, 
300 
2.5....-----/-----'----'-----'-......,--'---'----'----"-------, 
2.0 
1.5 
1.0-
0.5 
I 
'---+-- "---- '-2.5 5.0 7.5 10.0 12.5 15.0 11.5 20.min 
Depth = 186.00 rn 
,-------------------1650------, 
300 
- '- , '--',-- . '-"'",,-
":-- -- ~---~'.-.~ " ' " 
.".------- ' - - '-
,..--
I ,..-
0.0 3+--~.-r 
Q.02 
0.01 
2.5 5.0 7.5 
Depth = 191.60 rn 
10 .0 12.5 15.0 17.5 2o.min 
,-------------------;650--------, 
300 
O.30-r---+---''-----'----'-~--'---'---'----'------, 
0.25 
2.5 6.0 7.5 10.0 12 .. 5 15.0 17.5 20.min 
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Depth = 193.10 m 
.---------------------650----, 
300 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
Depth = 200.50 m 
r-------------------6~1-----~ 
300 
O.100..r---+---L---L--.J,,~ = __ -. -1-_-1-_-1-_ ___1_ _ 
0.075 ' . 
0.050 
0.025 
----1--" 
I 
2.5 5.0 7.5 
Depth = 227.20 m 
1M 12.5 15.0 17.5 :to.min 
.----------------------650·------, 
300 
4.5 
4.0 
3.5 
1.0 
0.5 
2.5 5.0 7.5 10.0 12.5 15 .. 0 '17.5 20.min 
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Depth = 199.80 m 
r-------------------650,-----~ 
r-__ 30~O----1-----1--~~---1-----1-----1-----1---,~ 
1.50 
1.25 
1.00 
0.75 
O.50...j--- --+.-r 
0.25 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
Depth = 219.90 m 
r-------------------&501-----~ 
300 
15.0 / \ 
12.5 
2.5 
-
2.5 5.0 7.5 12.5 15.0 17.5 20.min 
Depth = 228.40 m 
r-------------------6501-----~ 
300 
3.5 
3 . 0 
2.5 
2.0 
1.5 
' .. 0 
0.5 
5.0 7 .5 10.0 12.5 15.0 17.5 20.min 
Depth = 232.30 m Depth = 233.10 m 
,-------------------'650------, .--------------------650---------, 
,--_~300--J-~-~--L--L--L--L-----,~ 
I 
2.25 
2.00 
1.75 
22.5 
20,0 
! ~' 
I ~ '"'' 
~::  
0.50 I 
0.25 . I 
',+ 
.... '.-----.... ...... -.. 
1.50 
1.25 
15,0 
12.5 
10,0 
7.51-- ---1--
i 
I 
2.5 , I .. 
------L./ 
5.0 
2.5 5.0 7.S 10.0 12.5 15.0 '17.5 20.min 2.5 5.0 7 .5 '10.0 12.5 15.0 17.5 20.min 
Depth = 236.00 m Depth = 236.40 m 
,---------------------6~----~ .------------------,650------, 
300 300 
22.5 
35 
20.0 
30 
17.5 
25 
20 
15 
10 
5.0 
2.5 
"'.., .. .. 
-----
I 
'. ---L------. 
2.5 5.0 7.5 10.0 12.5 '15.0 17.5 20.min 
2.5 5.0 7.5 10.0 12.5 20.min 
Depth = 236.80 m Depth = 241.55 m 
,--------------------'650------, .-------------------650----, 
30D 
0,25 
35 
0.20 31)-
._------. 
5.0 7.5 10.0 12.5 15.0 17,5 20.min 2.5 5.0 7.5 10-0 12.5 15.0 17.5 .20.min 
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Depth = 241.90 m Depth = 246.62 m 
.-------------------------------------~~o------_. 
300 ,-------------------------------------650----, 
300 
17.5 
15.0 
12.5 
10.0 
7.5 
22.5 
I ~" 
I ~~ " 
~ 
20.0 
17.5 
15.0 
12.5 
10.0 
7.5 
5.0 
• 
5.0 
2.5 
! 2.5 
·, - L · 
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.min 
Depth = 256.30 m 
,----------------------------------------650------, 
300 
. '. 
3.0 
2.5 
2,0 
1.5 
2.5 5.0 7.5 10.0 12.5 '15.0 17.5 20.min 
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Suncor Firebag (lO-2S-094-07W4) 
Depth = 229.20 m Depth = 272.70 m 
,-----------------650-----, 
JIlO 
0.45 
0.175 
tHO 
0.35 0.150 
0.125 
0:100 
" '--
--...---""'---- "--~------""'-----
Q.025 
2.5 5.0 7.5 10.0 12.5 15.0 '17.5.20.min 25 5.0 7.5 10.0 12.5 15.0 17.5 2O.min 
Depth = 282.30 m Depth = 282.80 m 
,-----------------;650----, 
,------------------'650·----, 
31) 35 
30 
25 
25 
20 
20 
15 
15 
'10 '. 
------
'---.. 
5.0 7.5 HI.O 12.$ 15.0 17.$20min 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.min 
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Appendix 13 
CD Supplementary Data 
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The appended CD includes the following information: 
• Core photographs for Texex Steepbank, Chevron Steepbank and Suncor Firebag 
taken at the ERCB in Calgary. 
• Raw data for all of the samples including Rock-Eval data from the OSC lab. 
• Measured Data for VR work as well as separate spreadsheets (each labeled 
individually) including graphs for HI and 01 plots, HI and Tmax graphs, VR 
plotted against depth, etc. 
• Palynology data used for creating the tri-plots. 
• VR work on whole-rock mounts (OSC and Brock). 
• VR work done on dispersed organic matter (DOM) samples. 
• Adobe files for Roc.k-Eval and Palynology down-core trends. 
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